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Chemical Carcinogenesis 


present number the British Medical Bulletin comes the 

end brilliant chapter chemical carcinogenesis, and the 

opening new era investigation which promises more 

intense and productive than any which have gone before. 
intention not merely provide conspectus our present knowledge, but 
indicate also the probable trends development for the years ahead. 


should like make special acknowledgment our indebtedness 
Professor Alexander Haddow for his invaluable advice the planning this 
number. Not only has made substantial contribution its matter, but 
was with his advice that its general plan was devised. Other contributors, 
especially Dr. Berenblum, have also offered useful suggestions, which have 
been incorporated. 


few modern subjects there stronger sense historical continuity 
with the past, but cannot too often reminded how our present wealth 
information sprang directly from the curiosity and accurate descriptive powers 
the great clinical observers the 18th and 19th this subject, 
although would surprised learn it, Percivall Pott must here reckoned 
facile princeps, and that not merely time alone. That such methods are still 
not only useful but indeed essential amply shown the articles which follow 
cutaneous cancer industry, occupational cancer the bladder, and 


Before the war 1914-18, the workers the Imperial Cancer Research 
Fund had laid the basis what may called the natural history cancer 
that is, the frequency and distribution the disease man and animals, the 
circumstances which arises, and the way which the behaviour cancer 
cells differs from that the normal cells from which they are derived. From 
1915, when Yamagiwa was the first produce cancer under experimental 
conditions and will, application coaltar the skin, investigation 
naturally shifted the chemical identification the substance responsible. 
this field more than any other that the greatest strides have been made 
the past generation, large measure direct outcome the contributions 
Kennaway and his co-workers the Royal Cancer Hospital London. 
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With characteristic modesty, Kennaway has never 
failed point out the influence chance and good 
fortune the course these researches for example, 
that further advance would have been difficult 
indeed one any rate the carcinogenic substances 
tar, namely, 4-benzpyrene, had not possessed the 
extraordinary property blotting out with its own 
fluorescence that other intensely fluorescent com- 
pounds, such anthracene, the complex 
Although the history cancer research provides many 
similar instances fortunate circumstance, they have 
seldom favoured any but minds already prepared. Much 
more has been due relentless and unwearying patience 
quality peculiarly necessary problems such 
these), systematic and well-planned experiment, and 
occasional brilliant examples the use the scientific 
imagination, Cook’s successful prediction the 
high carcinogenic potency methylcholanthrene, before 
that compound had actually been made. There is, 
course, know, lack problems still, but the 
fact that there any prospect all continuing 
progress the future large extent due the 
contributions Kennaway and his school. They 
represent nothing short new chapter, and long 
one, experimental and chemical pathology, and are 
source legitimate pride the lustre they have added 
British medicine and science. 
Few the earlier workers this field can have foreseen 
its surprising growth and ramification, and especially 
the remarkable clues which these discoveries provide 
towards solving the problem the spontaneous 
origin cancer man. The isolation carcinogenic 
substances from human tissues subject which 
being watched with special interest, the belief, 
hope, that from such work may come the long-waited 
explanation. 

With another natural and inevitable change 
emphasis, interest now tending centre less the 
description carcinogens such, and more the 
means which they transform the normal cell into 
malignant one. the purely chemical attack seeks 
reveal the significance relationships between con- 
stitution and biological action, the biochemical approach 
concerns itself with both the intermediate and the 
ultimate fate carcinogens bodily metabolism, and 
the biological method considers the mutual summation 
and interference different agents carcinogenesis, 
and the influence carcinogens upon normal growth. 
Much the progress which has been achieved these 
various directions the past decade summarized 
those papers which deal with cocarcinogenesis, anti- 
carcinogenesis, the influence solvents activity, the 
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metabolism carcinogens, and the mechanism 
tumour-production generally. 

From these and other articles clear that much 
progress has been made, and continues made, 
towards clearer understanding the changes involved, 
and the way which not only chemical substances, 
but physical carcinogens equally, operate bring these 
about. The very multiplicity carcinogenic agents 
has always something problem, the 
mechanism which agents diverse rays and 
gamma rays, ultraviolet rays, and the chemica! 
carcinogens, could produce identical end-result the 
shape malignant tumour. now appears not only 
that they have common the property damaging 
inhibiting the processes normal growth rather 
special way, but that they should all regarded 
sources carriers energy form which 
interferes with the normal economy the cell, and 
eventually leads entirely new orientation 
characters different energy-level. 

therefore seem coming within sight 
quantitative understanding cell-variation problem 
energetics much remains done, there can 
doubt the implications that such achievement 
would hold, not simply for the cancer question, but for 
biology whole. From other facts, which are briefly 
mentioned article the mode action 
carcinogens, attractive hypothesis has emerged 
according which normal growth may regulated 
the supply specific growth-factors which 
tissues are unable synthesize, the autonomy the 
cancer cell possibly being due acquired power 
elaborate such substances and become independent 
their external supply. 


One specially noteworthy result the last ten years, 
the direct outcome studies the mode action 
carcinogens, has been the recognition the growth- 
inhibitory action many tumour-producing agents. 
How this situation only apparently paradoxical 
explained what follows, and the observation has 
turn produced good deal interest the nature 
such inhibitory effects, and the extent which they 
could form the basis experimental approach 
chemotherapy. Meantime have witnessed, the 
control carcinoma the prostate oestrogens, the 
first practical application drug the treatment 
any rate one form cancer that the same oestrogens 
are capable inducing wide variety tumours 
other circumstances, possibly more than mere 
coincidence. This, course, only token advance, 
but will probably the prelude entire series 
similar discoveries (of which the action urethane 
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and the nitrogen mustards are other examples), which 
should accumulate until our whole outlook 
the disease transformed. 

Another unexpected development, which only now 
being explored, holds out the prospect eventual 
rapprochement between the purely chemical interpreta- 
tion the origin cancer and that other view which 
regards due process virus infection. One 
our contributors has speculated that disturbance 
enzyme function, through the formation carcinogen- 
enzyme complex, could lead, cellular adaptation, 
the emergence new type protein with auto- 
synthetic properties. similar line reasoning has 
developed from recent observation that the growth- 
inhibitory effect the carcinogens may largely 
neutralized incorporation the diet sufficiently 
high proportion protein, and the possibility—again 
still confirmed—that the carcinogens may function 
first all retarding protein-synthesis within the 
cell. These suggestive developments come time 
when quite independent advances cytogenetics are 
shedding fresh light the nature viruses, and will 
certainly astonishing outcome the two con- 
trasting and hitherto irreconcilable interpretations 
the origin cancer should brought together 
common synthesis. This synthetic tendency, provided 
truly spontaneous and not artificially constrained 
fit one other particular viewpoint, encouraging 
feature the subject the moment, and specially 
welcome offering hope that the daily flood facts, 
which everything our power encourage, will 
become progressively less mere burden the mind, 
and more source refreshment for the spirit 

This notice would incomplete without mention 
different topic. The majority the papers the 
present number, and good proportion the advances 
they describe, are based research carried out with 
the support and interest the British Empire Cancer 
Campaign over more than twenty years. Through 
wise policy financial encouragement with freedom 
investigation, the Campaign has achieved more than 
any other single body towards advancing the study 
cancer Britain. Not the least its services has been 
the informal promotion friendly contact and collabo- 
ration between active workers numerous laboratories 
and institutions throughout the country, and the present 
number the Bulletin, with papers twenty authors 
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from eleven different centres London, Oxford, Leeds, 
Manchester, Sheffield, and Glasgow, provides welcome 
evidence the same good spirit. 

Enough has been said show that spite the 
inherent difficulties the subject, and spite the 
meagre results which may attend the efforts any 
individual worker, matter how able zealous, 
research cancer continues develop the most 
interesting way, and register steady progress. The 
effect cumulative and true advance once made 
never lost, that now have well-founded and 
growing structure knowledge which would certainly 
surprise and gratify those who contributed its modern 
beginnings. Assuming that our fundamental knowledge 
cancer continues grow, even its current rate, 
developments are bound occur which will bring 
practical benefits the treatment the disease man 
extensive our present knowledge is, likely that 
the greatest discoveries are yet come. the other 
hand, since those who work the closest contact 
with the disease who are under the least illusion 
its refractory character, there not, and there never 
was, the slightest ground for merely heedless facile 
optimism. But should also pay equal attention 
the endless possibilities the natural growth science, 
the face which very few problems indeed are truly 
insoluble. 

The attraction this type research largely due 
the scope which offers talents the most diverse 
kinds. combines the intellectual satisfaction which 
springs from fundamental work biology, chemistry, 
and physics, with the mental satisfaction contri- 
buting, even small measure, the alleviation 
disease. offers ample opportunity for teamwork, 
and equal opportunity the individual worker and the 
man ideas. benefits from planned investigation, 
and also, have seen, from the play chance. 
demands more facts, yet not only facts but the capacity 
produce synthesis from such facts already have 
must not forget that the active investigation cance1 
has been very largely confined the past fifty years, and 
that research was conducted the first twenty 
thirty years the present century only very modest 
scale. The tempo is, however, steadily quickening, and 
while are far from our objective one can doubt, 
given continuation these fertilizing processes, that 
the greatest benefits must ultimately accrue. 
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ALEXANDER graduated medicine 
1929, Edinburgh, where later became lecturer 
bacteriology (1931-36). During this time published number 
papers special aspects growth, such the comparative 
pathology tumours, viruses relation the etiology 
cancer, and problems immunity affecting the transplantation 
tissues. Ever since his Edinburgh days, one his main 
interests has been bacterial mutation, and its importance 
elucidating what considers analogous problems 
variation the origin cancer. 1935, described growth- 
inhibitory property associated with carcinogenic compounds and 
has spent some years developing this subject and relating 
the mechanism action tumour-producing agents generally. 
Recently has been closely concerned with developments 
chemotherapy, and Vice-Chairman the Joint Scientific 
Committee Cancer, the British Empire 
Cancer Campaign and the Royal Society Medicine. Professor 
Haddow’s more recent papers deal with the transformation 
cells and viruses (Nature, 1944, 154, 194), the artificial production 
coat-colour various iso-alloxazines (with Elson, 
155, 379 Endeavour, 1945, 141), and the action urethane 
leukaemia (with Sexton, Paterson and others, Nature, 
1946, 157, Lancet, 1946, 677). present engaged 
(with Professor Kon, F.R.S.) study the growth- 
inhibitory and carcinogenic properties derivatives 4-amino- 
stilbene. 1946 was appointed, succession Professor 
Kennaway, F.R.S., the chair experimental pathology 
the University London and the directorship the Chester 
Beatty Research Institute the Royal Cancer Hospital (Free). 


* * 


for many years the staff the Imperial College Science 
and Technology London. His early researches dealt with 
problems aliphatic and alicyclic chemistry, and some them 
were devoted the study tautomerism. Later became 
interested the chemistry the sterol group, and studied the 
problem mainly the synthetic methods soon afterwards 
turned the related field the triterpenes, the study which 
devoted many years. Since 1942 has held the chair 
chemistry the Royal Cancer Hospital (Free), and 1943 was 
elected Fellow the Royal Society. 

* 


Dr. BERENBLUM university demonstrator the 

Sir William Dunn School Pathology, and charge the 
Oxford University Research Centre the British Empire Cancer 
Campaign. Previously (1927-1936) held the Riley-Smith 
Research Fellowship the department experimental pathology 
and cancer research the University Leeds. His published 
work includes papers and reviews occupational tumours, 
irritation relation the mechanism carcinogenesis, and 
various aspects the application micro-methods the 
experimental study cancer. His recent work (in collaboration 
with Dr. Schoental) has been devoted the study carcing- 
genic constituents tars and oils, and the fate chemical 
carcinogens the animal body and the isolation the products 


their metabolism. 


laboratory the London Hospital. has been interested for 
many years the use absorption spectrography 
analytical method and means helping establish the 
chemical structure compounds biological importance, 
e.g. Vitamin (Ber. dtsch. chem. Ges. 1934, 67, 1104; 1934, 
67, 1352), purine glycosides 1930, 24, chem. 
Soc. 1934, 1639; 1936, 765), proteins (Biochem. 1936, 
30, 1795 1938, 33, 1166), and polycyclic hydrocarbons (Cancer 
Res. 1943, 151; 1943, 686; 1946, 699). 


physico-chemical properties blood-pigments 
porphyrin compounds (Biochem. 1945, 39, 239, etc.). 
now working the spectrographic laboratory the London 
Hospital, where, among other problems, the absorption spectra 
polycyclic hydrocarbons and their derivatives are being 
studied. interested the biochemical aspects the 
development erythrocytes, and has recently published new 
evidence concerning their destruction, from which their life-span 
can estimated industr. Med. 1946, 136; Proc. 
Soc. Med. 1946, 39, 755). 


Mr. CRABTREE studied organic chemistry the 
University Liverpool, and later specialized colour chemistry 
Leeds University. For the last years has been research 
chemist the Imperial Cancer Research Fund, London, and 
has worked problems connected with the chemotherapy 
cancer, tissue-metabolism, effects radiation tissues and the 
mode action chemical carcinogens. showed that the 
glycolysis which characteristic the cancer cell isa non-specific 
property shared other pathological overgrowths (Biochem 
1928, 22, 1289), and demonstrated that short-wave radiations 
preferentially damaged the glycolytic mechanism cells, 
irradiation was carried out low temperatures (Biochem. 
1933, 29, 2334). This finding was used investigation th: 
influence wavelength the biological effectiveness 
radiation (Brit. Radiology, 1939, 12, 39). More recently 
has been concerned with the relation sulphur 
the initial phases carcinogenesis. The demonstration that the 
which specifically, and different chemical mechanisms, inhibi 
the functional activity SH-groups, has led him 
that primary stage the action chemical carcinogens 
their fixation, through SH-linkages, unknown cell-constituents 


* 


biochemistry the Courtauld Institute Biochemistry. 
Middlesex Hospital School, University 
recently, was director cancer research the North 
England Council the British Empire Cancer Campaign, 
King’s College, Newcastle-upon-Tyne. has now returned 
the Courtauld Institute, where was earlier (1923-1933) 
research worker, for part this period member the 
scientific staff the Medical Research Council. Professor 
Dickens has contributed many aspects tissue metabolism, 
especially knowledge the respiratory quotient isolated 
tissue preparations. Applications this work the study 
normal and tumour tissues have been described series 
some twenty publications the Biochemical Journal (1929-1941) 
and Cancer Research (1943, 73). recently (Biochem. 
1941, 35, 1011) discovered the presence considerable amounts 
citrate the hard substance bone. Other work includes 
the application ultra-short radio-waves malignant tissues 
(Amer. Cancer, 1936, 32, 1626, 1645). Since 1938 has been 
editor the Biochemical Journal, and the joint author 
with Professor Dodds The chemical and 
properties the internal secretions, Oxford, 1925, and translator 
Warburg’s Metabolism tumours, Constable, 1930. 


Dr. reader biochemistry the University 
London the Chester Beatty Research Institute the 
Cancer Hospital, where has worked (except for the war-years) 
since 1931. addition work the metabolism carcinogens 
has worked with colleagues the chemotherapy cancer 
and the nature the carbohydrate metabolism tumours. 
During the war worked problems chemical warfare for 
the Ministry Supply, and later diseases animals for the 
Ministry Agriculture. Before starting cancer research, 
Dr. Boyland worked the physiological laboratory the 
University Manchester, the Lister Institute for Preventive 
Medicine, and the Kaiser-Wilhelm Institut fiir Medizinische- 
Forschung Heidelberg. 


* * 


Dr. was lecturer physical chemistry 
Berlin and professor photochemistry Leipzig before coming 
Britain. During his academic career has studied the photo- 
chemistry hydrocarbons, especially anthracene and its 
derivatives. discovered some specific effects polarized 
light, and these researches established experimentally some 
theoretical photographic conceptions (Hurter Driffield 
Lecture, photogr. Soc. 1938) and, especially since 1936 
Glasgow, photochemical theory colour vision (Nature, 1939 
Ophthalmologica, 1940). comprehensive survey 
methods chemistry was published book, Optische Methoden 
der Chemie, Leipzig, 1928. Since 1939, Dr. Weigert has been 
research physico-chemist the Mount Vernon Hospital, 
Northwood, Middlesex, where engaged the study the 
metabolism carcinogenic hydrocarbons, especially benzpyrene, 
mainly with optical methods. 
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Glasgow Royal Cancer Hospital. was trained Middlesex 
Hospital, London, where, after qualifying 1924, held 
resident appointments, and afterwards research scholarships 
the Barnato Joel Laboratories until 1928. His early work was 
mainly concerned with fat-soluble vitamins and with experimental 
radiology. was appointed his present post 1928, and 
1933 became the Administrative Medical Officer the same 
Hospital. was appointed honorary lecturer pathology 
the University Glasgow 1943, and elected Fellow the 
Royal Faculty Physicians and Surgeons Glasgow 1944. 
Dr. Peacock’s work includes comparative studies 
fowl-sarcomas induced chemical carcinogens 
spontaneous tumours that can propagated cell-free extracts 
(Amer. Cancer, 1935, Brit. exp. Path. 1945, 26, 357 
Cancer Res. 1946, has made study the metabolism 
chemical carcinogens and described their natural routes 
excretion (Brit. exp. Path. 1938, 19, 315, 434; Brit. exp. 
Path. 1940, 21, 227; Biochem. 1941, 31, 1276). 
particularly interested dietary factors related cancer the 
alimentary tract. holds the view that much human cancer 
could avoided, and that closer co-ordination 
statistical and experimental research may lead identification 
some avoidable cases cancer. 


Dr. has been assistant biochemistry the 
Chester Beatty Research the Royal Cancer Hospital 
since 1924. was member the team workers which, 
under the inspired leadership Kennaway, discovered the 
carcinogenic hydrocarbons and isolated 4-benzpyrene from 
pitch (Cock, W., Hieger, Kennaway, Mayneord, 
Proc. roy. Soc. B., 1932, 111, 455 Hieger, Amer. 
Cancer, 1940, 49, 496-504). During the last ten years has 
been engaged the investigation carcinogenic agents 


human tissue. 
* . 


Dr. HAROLD Burrows formerly practised consulting 
surgeon, first London and later Portsmouth. During the 
1914-1918 war served divisional surgeon hospital 
France and became consulting surgeon the First Army and 
later the Army the Rhine. resumed civil life 1919, 
but had relinquish surgical practice few years later because 
ill-health, and has been occupied with research the Royal 
Cancer Hospital London since 1927. The Jacksonian Prize 
was awarded him 1920 and was Hunterian professor 
1922, 1933, and 1935. His writings surgery and research have 
been numerous and among his books are Pitfalls surgery, 
1925 Some factors the localization disease the body, 1932 
and Biological actions sex hormones, 1945. 


* * * 


the Imperial Cancer Research Fund Laboratories, London, 
N.W.7. Before joining the staff the Fund was Rockefeller 
Foundation Fellow for medical research, and worked the 
Kaiser-Wilhelm Institut, Berlin-Dahlem, and also Washington 
University Medical School, St. Louis, U.S.A., problems 
dealing with experimental cytology. was also former 
Beit Memorial Fellow. Dr. Horning has published numerous 
papers and several chapters for textbooks cellular physio- 
logy, and also the relationship the sex hormones 


carcinogenesis. 
* 


Dopps occupies the Courtauld chair 
biochemistry the University London. has previously 
been the subject note (Volume No. the Bulletin, 
(BMB 818). 


* 


Dr. Bonser Brotherton Fellow cancer research 
the University Leeds. She has previously been the subject 
note (Vol. No. the Bulletin, which she contributed 
review knowledge the genetics cancer (BMB 876). 


* * * 


Dr. was Privatdozent the University 
Freiburg and lecturer Madrid metabolic diseases before 
coming Britain. Since 1939, has been working the 
department pathology the University Sheffizid. After 
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collaborating with Professor Green investigation 
the mode action sulphanilamide (Brit. exp. Path. 1942, 
23, 23, 13), began 1942 work problems cancer, 
studying the action and the metabolism aromatic amines. 
His earlier work dealt with problems the metabolism 
nucleic acids and lipoids. Dr. Bielschowsky member 
the Biochemical Society and the Pathological Society Great 
Britain and 
*. * * 


Dr. reader experimental pathology and 
assistant director cancer research the University Leeds. 
was previously first assistant pathologist St. Mary’s 
Hospital, Paddington. graduate the Queen’s University 
Belfast, and has had wide experience general pathology, 
more particularly morbid anatomy. has published papers 
variety pathological subjects, his more recent work being 
largely concerned with problems experimental cancer research. 
has made investigations the action many chemical 
carcinogenic substances, including p-dimethylaminoazobenzene, 
the most important the liver-carcinogens. Unfortu- 
nately, for variety reasons, his work liver- 
cancer (with Stickland) had abandoned during the 
war, but now being resumed. 


* 


Dr. was educated Trinity College, 
Cambridge, and St. Thomas’s Hospital, London. After some 
years general practice became, 1920, medical inspector 
factories the Factory Department the Home Office under 
the late Sir Thomas Legge, whose posthumous work 
maladies edited, requested Sir Thomas’s will. retired 
from the Factory Department 1944. authority 
industrial diseases, especially industrial cancer, and has published 
numerous papers these subjects. was appointed Secretary 
the Home Office Departmental Committee set 1925 
investigate the causes cancer the scrotum. 1940, 
Hunterian Professor, lectured the Royal College 
Surgeons Cancer the scrotum relation occupation. 
1943 delivered two Milroy lectures the Royal College 
Physicians the Health the factory worker wartime, and 
1944 Chadwick lecture Medical supervision industry 
peace and war. Dr. Henry the author monograph 
entitled Cancer the scrotum relation occupation, Oxford, 
1946, which reviewed elsewhere these columns. 


* 


Dr. His Majesty’s Medical Inspector 
Factories charge the Central Metropolitan Division, 
London. has served medical inspector for years— 
Sheffield, Glasgow and London. This work 
afforded ample opportunity studying occupational cancers, 
and made special study cancer the urinary bladder 
among dyeworkers the Midlands England. the past 
Dr. Currie was lecturer industrial hygiene the Universities 
Glasgow and St. Andrews. Before entering 
service, was biochemist the Royal Cancer Hospital, 
Glasgow, and carried out considerable research work with the 
late Sir George Beatson the role fat, lipochrome and 
cholesterol the etiology cancer. Dr. Currie member 
the Association Industrial Medical Officers. His publications 
include The lipochrome adipose tissue malignant disease 
(Biochem. 1924, 18, 235); The cholesterol blood 
malignant disease (Brit. exp. Path. 1924, Chemical 
haematuria from handling 5-chloro-ortho-toluidine (J. industr. 
Hyg. 1933, 15, 205) and various papers occupational diseases 
read learned societies. 


* * 


Imperial Chemical Industries Ltd. was formerly lecturer 
physiology St. Thomas’s Hospital, London, and Beit 
Memorial Fellow. member the Advisory Committee 
Industrial Health the Ministry Labour, the Editorial 
Committee the British Journal Industrial Medicine and 
the Industrial Health Committee the British Medical Associa- 
tion. lecturer industrial health the University 
Manchester, and member the Biochemical and Physiological 
Societies. has published papers the physiological action 
hormones and toxic hazards industry. 
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ALEXANDER graduated medicine 
1929, Edinburgh, where later became lecturer 
bacteriology (1931-36). During this time published number 
papers special aspects growth, such the comparative 
pathology tumours, viruses relation the etiology 
cancer, and problems immunity affecting the transplantation 
tissues. Ever since his Edinburgh days, one his main 
interests has been bacterial mutation, and its importance 
elucidating what considers analogous problems 
variation the origin cancer. 1935, described growth- 
inhibitory property associated with carcinogenic compounds and 
has spent some years developing this subject and relating 
the mechanism action tumour-producing agents generally. 
Recently has been closely concerned with developments 
chemotherapy, and Vice-Chairman the Joint Scientific 
Committee Cancer, the British Empire 
Cancer Campaign and the Royal Society Medicine. Professor 
Haddow’s more recent papers deal with the transformation 
cells and viruses (Nature, 1944, 154, 194), the artificial production 
coat-colour various iso-alloxazines (with Elson, 
155, 379 Endeavour, 1945, 141), and the action urethane 
leukaemia (with Sexton, Paterson and others, Nature, 
1946, 157, 500 Lancet, 1946, 677). present engaged 
(with Professor Kon, F.R.S.) study the growth- 
inhibitory and carcinogenic properties derivatives 4-amino- 
stilbene. 1946 was appointed, succession Professor 
Kennaway, F.R.S., the chair experimental pathology 
the University London and the directorship the Chester 
Beatty Research Institute the Royal Cancer Hospital (Free). 


* 


for many years the staff the Imperial College Science 
and Technology London. His early researches dealt with 
problems aliphatic and alicyclic chemistry, and some them 
were devoted the study tautomerism. Later became 
interested the chemistry the sterol group, and studied the 
problem mainly the synthetic methods soon afterwards 
turned the related field the triterpenes, the study which 
devoted many years. Since 1942 has held the chair 
chemistry the Royal Cancer Hospital (Free), and 1943 was 
elected Fellow the Royal Society. 


Dr. BERENBLUM university demonstrator the 

Sir William Dunn School Pathology, and charge the 
Oxford University Research Centre the British Empire Cancer 
Campaign. Previously (1927-1936) held the Riley-Smith 
Research Fellowship the department experimental pathology 
and cancer research the University Leeds. His published 
work includes papers and reviews occupational tumours, 
irritation relation the mechanism carcinogenesis, and 
various aspects the application micro-methods the 
experimental study cancer. His recent work (in collaboration 
with Dr. Schoental) has been devoted the study carcing- 
genic constituents tars and oils, and the fate chemical 
carcinogens the animal body and the isolation the products 


their metabolism. 
* 


laboratory the London Hospital. has been interested for 
many years the use absorption spectrography 
analytical method and means helping establish the 
chemical structure compounds biological importance, 
e.g. Vitamin (Ber. dtsch. chem. Ges. 1934, 67, 1104; 1934, 
67, 1352), purine glycosides 1930, 24, chem. 
Soc. 1934, 1639; 1936, 765), proteins (Biochem. 1936, 
30, 1795 1938, 33, 1166), and polycyclic hydrocarbons (Cancer 
Res. 1943, 151; 1943, 686; 1946, 699). 


Mr. worked for some years Oxford the 
physico-chemical properties blood-pigments 
porphyrin compounds (Biochem. 1945, 39, 239, etc.). 
now working the spectrographic laboratory the London 
Hospital, where, among other problems, the absorption spectra 
polycyclic hydrocarbons and their derivatives are being 
studied. interested the biochemical aspects the 
development erythrocytes, and has recently published new 
evidence concerning their destruction, from which their life-span 
can estimated (Brit. industr. Med. 1946, 136; Proc. 
Soc. Med. 1946, 39, 755). 


Mr. CRABTREE studied organic chemistry the 
University Liverpool, and later specialized colour chemistry 
Leeds University. For the last years has been research 
chemist the Imperial Cancer Research Fund, London, and 
has worked problems connected with the chemotherapy 
cancer, tissue-metabolism, effects radiation tissues and the 
mode action chemical carcinogens. showed that the 
glycolysis which characteristic the cancer cell isa non-specific 
property shared other pathological overgrowths (Biochem 
1928, 22, 1289), and demonstrated that short-wave radiations 
preferentially damaged the glycolytic mechanism cells, when 
was carried out low temperatures (Biochem. 
1933, 29, 2334). This finding was used investigation th: 
influence wavelength the biological effectiveness 
radiation (Brit. Radiology, 1939, 12, 39). More recently 
has been concerned with the relation sulphur metabolism 
the initial phases carcinogenesis. The demonstration that the 
carcinogenic process wide variety substance: 
which specifically, and different chemical mechanisms, inhibi 
the functional activity SH-groups, has led him 
that primary stage the action chemical carcinogens 
their fixation, through SH-linkages, unknown cell-constituents 


* * 


Dr. Philip Hill professor experimenta 
biochemistry the Courtauld Institute Biochemistry, 
recently, was director cancer research the North 
England Council the British Empire Cancer Campaign, 
King’s College, Newcastle-upon-Tyne. has now returned 
the Courtauld Institute, where was earlier (1923-1933) 
research worker, for part this period member the 
scientific staff the Medical Research Council. Professor 
Dickens has contributed many aspects tissue metabolism, 
especially knowledge the respiratory quotient isolated 
tissue preparations. Applications this work the study 
normal and tumour tissues have been described series 
some twenty publications the Biochemical Journal (1929-1941) 
and Cancer Research (1943, 73). recently (Biochem. 
1941, 35, 1011) discovered the presence considerable amounts 
citrate the hard substance bone. Other work includes 
the application ultra-short radio-waves malignant tissues 
(Amer. Cancer, 1936, 32, 1626, 1645). Since 1938 has been 
editor the Biochemical Journal, and the joint author 
with Professor Dodds The chemical and physiological 
properties the internal secretions, Oxford, 1925, and translator 
Warburg’s Metabolism tumours, Constable, 1930. 


Dr. reader biochemistry the University 
London the Chester Beatty Research Institute the 
Cancer Hospital, where has worked (except for the war-years) 
since 1931. addition work the metabolism carcinogens 
has worked with colleagues the chemotherapy cancer 
and the nature the carbohydrate metabolism tumours. 
During the war problems chemical warfare for 
the Ministry Supply, and later diseases animals for the 
Ministry Agriculture. Before starting cancer research, 
Dr. Boyland worked the physiological laboratory the 
University Manchester, the Lister Institute for Preventive 
Medicine, and the Kaiser-Wilhelm Institut fiir Medizinische- 
Forschung Heidelberg. 


* 


Dr. was lecturer physical chemistry 
Berlin and professor photochemistry Leipzig before coming 
Britain. During his academic career has studied the photo- 
chemistry hydrocarbons, especially anthracene and its 
derivatives. discovered some specific effects polarized 
light, and these researches established experimentally some 
theoretical photographic conceptions (Hurter Driffield 
Lecture, photogr. Soc. 1938) and, especially since 1936 
Glasgow, photochemical theory colour vision (Nature, 1939 
Ophthalmologica, 1940). comprehensive survey optical 
methods chemistry was published book, Optische Methoden 
der Chemie, Leipzig, 1928. Since 1939, Dr. Weigert has been 
research physico-chemist the Mount Vernon Hospital, 
Northwood, Middlesex, where engaged the study the 
metabolism carcinogenic hydrocarbons, especially benzpyrene, 
mainly with optical methods. 
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Dr. Peacock the director research the 
Glasgow Royal Cancer Hospital. was trained Middlesex 
Hospital, London, where, after qualifying 1924, held 
resident appointments, and afterwards research scholarships 
the Barnato Joel Laboratories until 1928. His early work was 
mainly concerned with fat-soluble vitamins and with experimental 
radiology. was appointed his present post 1928, and 
1933 became the Administrative Medical Officer the same 
Hospital. was appointed honorary lecturer pathology 
the University Glasgow 1943, and elected Fellow the 
Royal Faculty Physicians and Surgeons Glasgow 1944. 
Dr. Peacock’s work includes comparative studies 
fowl-sarcomas induced chemical carcinogens 
spontaneous tumours that can propagated cell-free extracts 
(Amer. Cancer, 1935, 25,1; Brit. exp. Path. 1945, 26, 357 
Cancer Res. 1946, has made study the metabolism 
chemical carcinogens and described their natural routes 
excretion (Brit. exp. Path. 1938, 19, 315, 434; Brit. exp. 
Path. 1940, 21, 227; Biochem. 1941, 31, 1276). 
particularly interested dietary factors related cancer the 
alimentary tract. holds the view that much human cancer 
could avoided, and that closer co-ordination 
statistical and experimental research may lead identification 
some avoidable cases cancer. 

* 


Dr. has been assistant biochemistry the 
Chester Beatty Research the Royal Cancer Hospital 
since 1924. was member the team workers which, 
under the inspired leadership Kennaway, discovered the 
carcinogenic hydrocarbons and isolated 4-benzpyrene from 
pitch (Cook, W., Hieger, Kennaway, Mayneord, 
Proc. roy. Soc. B., 1932, 111, 455 Hieger, Amer. 
Cancer, 1940, 49, 496-504). During the last ten years has 
been engaged the investigation carcinogenic agents 


human tissue. 
* . * 


Dr. Burrows formerly practised consulting 
surgeon, first London and later Portsmouth. During the 
1914-1918 war served divisional surgeon hospital 
France and became consulting surgeon the First Army and 
later the Army the Rhine. resumed civil life 1919, 
but had relinquish surgical practice few years later because 
ill-health, and has been occupied with research the Royal 
Cancer Hospital London since 1927. The Jacksonian Prize 
was awarded him 1920 and was Hunterian professor 
1922, 1933, and 1935. His writings surgery and research have 
been numerous and among his books are Pitfalls surgery, 
1925 Some factors the localization disease the body, 1932 
and Biological actions sex hormones, 1945. 


* * * 


the Imperial Cancer Research Fund Laboratories, London, 
N.W.7. Before joining the staff the Fund was Rockefeller 
Foundation Fellow for medical research, and worked the 
Kaiser-Wilhelm Institut, Berlin-Dahlem, and also Washington 
University Medical School, St. Louis, U.S.A., problems 
dealing with experimental cytology. was also former 
Beit Memorial Fellow. Dr. Horning has published numerous 
papers and several chapters for textbooks cellular physio- 
logy, and also the relationship the sex hormones 


carcinogenesis. 
* 


Dopps occupies the Courtauld chair 
biochemistry the University London. has previously 
been the subject note (Volume IV, No. the Bulletin, 
(BMB 818). 


* * 


Dr. Bonser Brotherton Fellow cancer research 
the University Leeds. She has previously been the subject 
note (Vol. IV, No. the Bulletin, which she contributed 
review knowledge the genetics cancer (BMB 876). 


+ * 


Dr. was Privatdozent the University 
Freiburg and lecturer Madrid metabolic diseases before 
coming Britain. Since 1939, has been working the 
department pathology the University After 


collaborating with Professor Green investigation 
the mode action sulphanilamide (Brit. exp. Path. 1942, 
23, 23, 13), began 1942 work problems cancer, 
studying the action and the metabolism aromatic amines. 
His earlier work dealt with problems the metabolism 
nucleic acids and lipoids. Dr. Bielschowsky member 
the Biochemical Society and the Pathological Society Great 
Britain and Ireland. 
* 


Dr. reader experimental pathology and 
assistant director cancer research the University Leeds. 
was previously first assistant pathologist St. Mary’s 
Hospital, Paddington. graduate the Queen’s University 
Belfast, and has had wide experience general pathology, 
more particularly morbid anatomy. has published papers 
variety pathological subjects, his more recent work being 
largely concerned with problems experimental cancer research. 
has made investigations the action many chemical 
carcinogenic substances, including p-dimethylaminoazobenzene, 
one the most important the liver-carcinogens. Unfortu- 
nately, for variety reasons, his work liver- 
cancer (with Stickland) had abandoned during the 
war, but now being resumed. 


* * 


Dr. was educated Trinity College, 
Cambridge, and St. Thomas’s Hospital, London. After some 
years general practice became, 1920, medical inspector 
factories the Factory Department the Home Office under 
the late Sir Thomas Legge, whose posthumous work Industrial 
maladies edited, requested Sir Thomas’s will. retired 
from the Factory Department 1944. authority 
industrial diseases, especially industrial cancer, and has published 
numerous papers these subjects. was appointed Secretary 
the Home Office Departmental Committee set 1925 
investigate the causes cancer the scrotum. 1940, 
Hunterian Professor, lectured the Royal College 
Surgeons Cancer the scrotum relation occupation. 
1943 delivered two Milroy lectures the Royal College 
Physicians the Health the factory worker wartime, and 
1944 Chadwick lecture Medical supervision industry 
peace and war. Dr. Henry the author monograph 
entitled Cancer the scrotum relation occupation, Oxford, 
1946, which reviewed elsewhere these columns. 


* * 


Dr. His Majesty’s Medical Inspector 
Factories charge the Central Division, 
London. has served medical inspector for years— 
Sheffield, Glasgow and London. This work 
afforded ample opportunity studying occupational cancers, 
and made special study cancer the urinary bladder 
among dyeworkers the Midlands England. the past 
Dr. Currie was lecturer industrial hygiene the Universities 
Glasgow and St. Andrews. Before entering 
service, was biochemist the Royal Cancer Hospital, 
Glasgow, and carried out considerable research work with the 
late Sir George Beatson the role fat, lipochrome and 
cholesterol the etiology cancer. Dr. Currie member 
the Association Industrial Medical Officers. His publications 
include The lipochrome adipose tissue malignant disease 
(Biochem. 1924, 18, 235); The cholesterol blood 
malignant disease (Brit. exp. Path. 1924, 293) Chemical 
haematuria from handling 5-chloro-ortho-toluidine (J. industr. 
Hyg. 1933, 15, 205) and various papers occupational diseases 
read learned societies. 
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Imperial Chemical Industries Ltd. was formerly lecturer 
physiology St. Thomas’s Hospital, London, and Beit 
Memorial Fellow. member the Advisory Committee 
Industrial Health the Ministry Labour, the Editorial 
Committee the British Journal Industrial Medicine and 
the Industrial Health Committee the British Medical Associa- 
tion. lecturer industrial health the University 
Manchester, and member the Biochemical and Physiological 
Societies. has published papers the physiological action 
hormones and toxic hazards industry. 


4 
4 
us 
313 


CHEMISTRY CARCINOGENIC 
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ALEXANDER HADDOW, M.D., D.Sc., Ph.D. 
KON, M.A., D.Sc., F.R.S. 


Chester Beatty Research Institute, Royal Cancer Hospital (Free), London 


Nature the carcinogenic agent coaltar and pitch 

Benzanthracene homologues 

Chrysenes and benzphenanthrenes 

Possible implications for the spontaneous origin cancer 

Oestrogens and cancer 

Nitrogen- analogues; 2-amino 
derivatives naphthalene, anthracene and fluorene 

Azo compounds 

Derivatives 4-aminostilbene 

Miscellaneous substances: radioactive elements, arsenic, 
urethane 

References 


That scientific progress equally dependent upon natural 
observation and planned experiment nowhere more richly 
illustrated than the early history carcinogenesis. For 
all practical purposes, the story began when Percivall Pott 
(1713-88), who was surgeon St. Bartholomew’s Hospital, 
and who was aware and interested Ramazzini’s accounts 
the morbi artificum, described particular form cancer 
occurring chimney-sweeps (cancer scroti, Chirurgical 
observations, 1775), and traced specific cause, namely 
contamination the skin soot. Other examples this 
curious disease continued reported from time time 
long line English surgeons, including Earle, Astley 
Cooper, Hughes Bennett, Paget, and Butlin. For various 
reasons appears not have been observed any great 
extent abroad (verrue soie, cancer des ramoneurs, Schorn- 
steinfegerkrebs), but was sufficiently frequent Britain 
make tragic addition the already miserable plight the 
so-called climbing and find reflection the 
social history and legislation the time. 

The interest the condition clearly lay the proof which 
brought the environmental origin any rate one 
form cancer, and this itself would doubt have 
provided sufficiently powerful stimulus later investiga- 
tors. However, the second half the nineteenth century 
there appeared other and fresh accounts cancer 
industrial hazard. Thus, 1875, von Volkmann discovered 
occupational skin-tumours among the workers the tar and 
paraffin industry the following year, the 
celebrated Joseph Bell Edinburgh described the earliest 
cases the Scottish shalefield paraffin cancer”, the 
natural history which was admirably related 
Alexander Scott (1923) almost fifty years afterwards. 
later, 1887, was found the first example skin cancer 
affecting operatives the Lancashire cotton-spinning 
industry, and now known attributable occupational 
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contact with mineral oil used lubrication—the so-called 
mule-spinners’ cancer 

All these phenomena were the results undesigned and 
unpredictable experiments grand scale—the 
unforeseen outcome one other aspect the current 
industrialization. How frequent such environmental experi- 
ments have been and still are, and how fascinating their 
variety, may judged from Dr. Henry’s (1947) account! 
cutaneous cancer attributable chemicals industry. The 
next stage was clearly that systematic inquiry, and the first 
essential lay the reproduction the disease wiH. One 
the earliest attempts was made Hanau 1889. Inspired 
von Volkmann’s paper, tried induce cancer rats 
and dogs painting the skin mit Hallenser Braunkohlen- 
but without result. Success proved tardy, just 
eluding Bayon Britain 1912, but was finally achieved 


Yamagiwa Ichikawa 1915, when they produced 


undoubted malignant epithelial tumours application 
coaltar the ears rabbits. 1918 Tsutsui pupil 
Yamagiwa) showed the advantage painting the skin 
mice method biological testing carcinogenic tars— 
simple technical variation which was nevertheless have 
profound influence upon all later developments. 1922, 
strict proof the carcinogenicity soot was obtained when 
Passey produced malignant growths painting the skin 
mice with ethereal extract. 
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Percivall Pott, 1713-1788 
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Nature the Carcinogenic Agent Coaltar and Pitch 


Possibly the first usage the term carcinogen was 
Sir James Paget 1853, somewhat obscure passage 
his classic Lectures surgical pathology 


there one material for cancer, one carcinogen, which, 
like organic radical, may form different yet closely allied 
compounds, its combinations with the various substances 
provided different bloods, different parts 


All the above facts had very clearly shown the existence 
least one such cancer-producing agent, and the stage was 
now set elucidate its precise nature chemical terms. 
There remarkable sentence Lebert’s pratique 
des maladies cancéreuses (1851) which the famous author 
shows high degree prophetic insight into the conditions 
required for the necessary progress 

faut que, pour pareil travail, homme profondément 

versé dans connaissance anatomique pathologique 


courant des progrés les plus récents 


The first-fruits this union came relatively late, 1921-26, 
with demonstration Bruno Bloch and Dreifuss and their 
collaborators Ziirich that the active substance coaltar 
was concentrated the higher boiling fractions neutral 
compound, and the recognition that this was free from 
nitrogen, arsenic, sulphur, was capable forming stable 
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complex with picric acid, and probably belonged the class 
cyclic hydrocarbons (Bloch Dreifuss, 1921). 

1924 and 1925 Kennaway succeeded producing 
carcinogenic tars the pyrolysis petroleum, coal, skin, 
hair, yeast and cholesterol, and leading acetylene and 
isoprene—H,C=C (CH;) hydrogen through 
strongly heated tubes. The tars obtained showed 
ascending order biological potency according they were 
prepared successively higher temperatures (450-1,250° C.) 
and these results could explained assuming that 
acetylene was common decomposition-product, and that 
the carcinogenic material was actually formed from acetylene. 
Similar activity was found Kennaway (1924; 1925) 
the higher-boiling fractions the mixture hydrocarbons 
which Schroeter (1924) had obtained 
naphthalene treatment with aluminium chloride. There 
thus emerged, gradually but surely, the strong general con- 
clusion that the carcinogenic agent was complex hydro- 
carbon the aromatic series. 

Since the carcinogenic tars and oils usually showed 
pronounced fluorescence, Mayneord 1927 examined their 
fluorescence-spectra, and discovered them possess 
characteristic spectrum consisting three bands low 
dispersions. This quite vital clue was developed Hieger 
polycyclic aromatic hydrocarbons, particularly those related 
anthracene. may noted here how necessarily 
dependent were such investigations upon the parallel develop- 
ment chemistry general, and upon the chemistry the 
aromatic hydrocarbons particular. only one many 
examples may mentioned Chattaway’s earliest work with 
Bamberger Miinchen, which resulted the determination 
the constitution number polynuclear hydrocarbons 
which occur minute quantity the highest-boiling frac- 
tions coaltar. 

If, however, our knowledge cancer was dependent upon 
chemistry—as still is, and ever-increasing extent— 
chemistry itself was soon gain much return, from the 
stimulus developments the following years. most 
fortunate chance, the known pure compounds which Hieger 
proceeded examine included 2-benzanthracene and 
this substance was once found give spectrum com- 
parable with that the carcinogenic mixtures. was this 
circumstance which shortly led Cook embark the 
series synthetic studies homologues benzanthracene 
(Cook, Hieger, Kennaway Mayneord, 1932), which 
founded our knowledge the structural features underlying 
carcinogenic action, any rate far this type com- 
pound concerned. About this time Erich Clar (1929) had 
just published series methods for the synthesis certain 
slightly more complex hydrocarbons containing the 
anthracene system. These substances were once tested 
for carcinogenic activity Kennaway Hieger (1930), who 
soon obtained positive results with the compound ultimately 
identified (II). This was, 
therefore, the first known pure chemical compound mani- 
festing pronounced carcinogenic properties. 

The fluorescence-spectrum—in Kennaway’s words the 
single thread that led all through this labyrinth 
can seen from the Berenblum, Holiday 
Jope (1947), still invaluable physical technique for the 
investigation the carcinogenic hydrocarbons—was also 
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used Hieger (1933) the concentration the carcinogenic 
agent from coaltar pitch, culminating the isolation 
pure hydrocarbon which showed the characteristic three- 
banded spectrum, and which proved strongly carcino- 
genic. the time its isolation this compound had not 
been elsewhere recorded, and was therefore necessary 
determine its molecular structure. Its properties suggested 
one the two possible benzpyrenes, and these were synthe- 
sized Cook Hewett (1933), who were soon able prove 
the identity one the compounds 4-benzpyrene, 
with the substance isolated from pitch. Tedious the early 
extractions necessarily were, was subsequently found 
Berenblum Schoental (1943), using 
method estimation, that tar might contain much 
benzpyrene, and Berenblum has more recently 
devised (1945) relatively simple procedure (starting from 
the fact that sulphonation benzpyrene does not readily 
occur with sulphuric acid alone the cold), whereby 
much mg. almost pure benzpyrene can recovered 
from crude tar distillate. 


4-benzpyrene 


Benzanthracene Homologues 


Cook’s (Barry, Cook, Haslewood, Hewett, Hieger 
Kennaway, 1935) study the benzanthracene homologues 
first disclosed the great significance position the parent 
hydrocarbon whereas benzanthracene itself non-carcino- 
genic only very weakly active, methyl substitution this 
position confers high order potency 
probably factor underlying the activity shown com- 
pounds which additional ring finds one point 
attachment the same position, as, for example, 
was later shown that 
methyl substitution positions (V, VI) also leads 
highly carcinogenic compounds, and indeed 
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2-benzanthracene the most active all the 
derivatives the parent compound. 
isomerides, only the 
notable activity, the others little none. 

Proceeding dimethyl-benzanthracenes, importan: 
conception emerged when was shown that substituents 
any two favourable positions reinforce each other, that 
the activity the new compound enhanced. Thus 


CH, 


2-benzanthracene 


CH; 
CH, 


6-dimethyl-1 2-benzanthracene (VII) more active than 
the compounds possessing only one methyl group position 
2-benzanthracene (Fieser, 1936) (VIII, IX), and extreme 
potency reached 10-dimethyl-1 2-benzanthracene 
(Bachmann, Kennaway Kennaway, 1938) (X). 


CH, 


2-benzanthracene 


the remaining 


tet 
Vil 
= 


CH; 
CH; CH; 


2-benzanthracene 


2-benzanthracene 


2-benzanthracene 


possible that still greater augmentation effected 
methyl substitution simultaneously three favourable 
and 9-methyl-1 6-dibenzanthracene (XII). 


CH; 


CH; CH; 


number substituted positions, since the compounds 
which the four most favourable are substituted 10- 
tetramethyl-1 2-benzanthracene (XIII) and 10-dimethyl- 
(XIV) show decreased activity 
compared with and XII. Furthermore, increase the 


CH, CH, 
CH; 
CH; CH, CH, 


2-benzanthracene 
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activity, which slow the first position (to n-heptyl) and 
much more rapid the second. 

These facts once suggest the dependence activity 
optimal molecular complexity, conclusion which Cook 
(Barry al., 1938) had stressed early stage these 
investigations, and which upheld many later examples. 
The limits complexity compatible with activity are repre- 
sented two hexacyclic hydrocarbons, and 
(XV, XVI). 


9-dibenzpyrene 


Apart from cases which activity reduced, apparently 
increase molecular size complexity, one two 
examples may quoted which substitution position 
itself not favourable activity, only slightly so, simul- 
taneously with substitution favourable position, greatly 
reduces the activity due the latter. Two remarkable cases 
are seen the inactive compounds 10-dimethyl- 
(XVII, [Compare the active isomerides and 
respectively. 


CH; 
2-benzanthracene 


2-benzanthracene 


The nature the substituent also capable variations 
compatible with activity, many compounds with oxygen-, 
nitrogen- and halogen-containing groups, mostly positions 
however [cf. the article? this number Boyland 
Weigert (1947) introduction phenolic groups usually 
entails complete loss carcinogenicity, and general 
rule, though not quite invariable one, that the same result 
follows the hydrogenation individual rings examples 
the latter are shown the inactive compounds XIX, 
and 
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CH; 


2-benzanthracene 


2-benzanthracene 


10-methyl-! 2-benzanthracene 


Chrysenes and Benzphenanthrenes 


Many the cases quoted above permit some degree 
analogy with derivatives and 
chrysene, and may recalled that while Cook (Cook 
Hewett, 1933) regarded 3:4-benzpyrene most-nearly 
related (as XXII), for other 
reasons Fieser (1941) suggested should more suitably 
formulated chrysene derivative (as XXIII). 


Marked progress was achieved complete examination 
the possible hydrocarbons consisting condensed 
aromatic rings, and the compounds having such 
rings. This revealed carcinogenic activity 
phenanthrene (XXIV) and 1:2:3:4 and 1:2:5:6 
dibenzphenanthrene (XXV, XXVI), and also appeared 
that chrysene, well 2-benzanthracene and 4-benz- 
phenanthrene, must regarded parent compound 
carcinogenic derivatives. The next stage this fascinating 
correlation was due Hewett (1940). Each these hydro- 
carbons derivative phenanthrene, substituted two 
the 2-, and 4-positions. Further substitution 
either both the remaining positions gives rise highly 
carcinogenic hydrocarbons (e.g. 2-methyl-3 4-benzphenan- 


XXIV 


benzphenanthrene dibenzphenanthrene 


dibenzphenanthrene 


threne (A), 1:2:3:4-dibenzphenanthrene 
2-benzanthracene (E)). Moreover, substitution effec- 
tive whether two benzene rings one benzene ring 
one two methyl groups this finally led Hewett Martin 
threne (F)—a key compound which slightly carcinogenic, 
links the active derivatives 
4-benzphenanthrene and chrysene, and may regarded 
the prototype all these compounds. 


(Numbering indicates relation phenanthrene) 


Even the phenanthrene nucleus not indispensable, since 
activity marked structures XXVII and and 
certain dibenzfluorenes and XXX), and 
anthracene 


XXV 
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4-trimethylene- 


10-dimethylene- 
isobenzanthrene-2 


2-cyclopentenoanthracene 


XXX 


dibenzfluorene 


dibenzfluorene 


CH, 


dimethylanthracene 


CH; 


Possible Implications for the Spontaneous Origin 
Cancer 


Thus far, the clues drawn from industrial skin cancer had 
led the chemical identification the substance responsible, 
and the discovery other aromatic hydrocarbons, mostly 
related benzanthracene, and possessing carcinogenic 
The possibility that such compounds might play 
part the causation spontaneous cancer was opened 
recognition, following the advances sterol formula- 
tion due Rosenheim King 1932, that many naturally- 
occurring compounds (including bile-acids and the sex 
hormones) have somewhat similar condensed polycyclic 
Thus dehydronorcholene hydrocarbon 
prepared Wieland Schlichting from the bile-acid 
2-benzanthracene, and 1933 both Wieland Dane, 
and Cook Haslewood, obtained from it, dehydrogena- 
tion with selenium, the fully-aromatic hydrocarbon methyl- 
cholanthrene b). 


deoxycholic acid dehydronorcholene 


CH, 


This compound soon proved have carcinogenic potency 
extremely high order—as Cook (1933) had indeed 
predicted. The structure was rapidly established and con- 
firmation provided its synthesis (Fieser Seligman, 1935) 
and the compound was also obtained starting from cholic 
acid (Fieser Newman, 1935). 

There yet proof that changes the kind envisaged 
take place vivo, and chemists are still divided 
likelihood. Both cholic acid and deoxycholic acid have 
hydroxyl group such position (Kennaway Hieger, 1930) 
would promote the necessary cyclization the side-chain. 
Further, from other cases which there was such special 
circumstance favour ring-closure, Cook was opinion 
that certain sterol molecules might possess inherent 
tendency conversion into methylcholanthrene 
However, has already been indicated, marked carcinogenic 
activity not generally found compounds possessing 
hydrogenated rings, that further stage dehydrogena- 
tion would required. Important here finding 
Ghiron, confirmed Kennaway (Cook, Kennaway 
Kennaway, 1940) that injection deoxycholic acid itself 
may result the production connective-tissue tumours 
although difficult tell how the question might 
solved—whether deoxycholic acid intrinsically active, 
active product, One the best analogies for the conversion 
hydrogenated ring-system into aromatic one 
provided the oestrus-producing 
possessing two aromatic rings and probably 
arising from non-aromatic steroid precursor (Sandulesco, 


XXXV 
CH; 


equilenin 


may noted passing, having important 
bearing the biogenesis the steroids—whether, for 
example, cholesterol the precursor the bile-acids and 
sex hormones, whether biosynthesis may proceed from 
three-carbon sugars after the hypothesis Reichstein, 
scheme involving tyrosine according Robinson’s sugges- 
tion—that Bloch (1945) has recently adduced evidence 


1 
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direct conversion cholesterol progesterone normal 
process, through administration deuteriocholesterol 
pregnant woman, and isolation from the urine sodium 
glycuronide containing concentrations the 
isotope indicating that two-thirds the progesterone 
metabolized arose degradation cholesterol. 

Fieser’s (1941) view the rough structural analogy between 
equilenin and methylcholanthrene suggests that, the latter 
does indeed arise process abnormal sterol metabolism, 
this process may closely associated with the normal one 
which results the production oestrogenic hormones. 
He, therefore, invited consideration the production 
carcinogens from the principles the adrenal cortex, 
visualizing such reactions might ensue from the condensa- 
tion dehydrocorticosterone (XXXVI) with formaldehyde 
give cholanthrene (XXXVII), and oestrone 
equilenin with pyruvic acid, followed aromatization, 
ring-closure give the terminal benzenoid nucleus, and 
further dehydrogenation. 


XXXVI 


HOH,C 


dehydrocorticosterone 
(plus aldehyde) 


cholanthrene 


CH, 


oestrone 
(plus pyruvic acid) 


3-hydroxycholanthrene 


difficulty arises here (as also for deoxycholic acid, 
above), since the product, because the persistence the 
original hydroxyl group characteristic all known 
natural partially-aromatic oestrogens, would 3-hydroxy 
derivative and therefore unlikely carcinogenic 
analogy with the known inactivity the synthetic com- 
pound 3-hydroxy-20-methylcholanthrene. highly relevant 
observation was, however, made Burrows, Cook, Roe 
Warren (1937) when they isolated from the urine male 
with adrenal tumour 
this characteristic 3-hydroxyl group, and 
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showing that the C;-hydroxyl may certain circumstances 
eliminated while the ring-system still non-aromatic. 
The same compound was later isolated Wolfe (Wolfe, 
Fieser Friedgood, 1941) Fieser’s laboratory, from the 
urine female with adrenal tumour. 


Shoppee (personal communication) points out that the 
structural analogy between norcholanic acid (as and 
methylcholanthrene (XLII) paralleled the even closer 
analogy between 17-methyl-D-homoandrostane and 
the carcinogenic methylchrysenes (as XLIV); and Fieser’s 


XLIV 


(1941) opinion that the cortical steroids seem the more likely 
precursors possible carcinogens vivo, has very particular 
significance for the remarkable case the strain mice, 
which either ovariectomy castration shortly after birth 
leads the development adrenal-cortical carcinomata— 
conceivably arising from response the part the 
adrenal compensate for the absence the gonads (Fekete 
Little, 1945). This phenomenon considered detail 
the article* this number Burrows Horning 
and should also noted that Woolley Little (1946) have 
more recently described the prevention adrenal cortical 
carcinoma the synthetic oestrogen 


Oestrogens and Cancer 


The above account sufficient indicate the remarkable 
way which the structure purely extraneous carcinogens. 
and even more synthetic variants which have reason 
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believe have ever existed under natural conditions, can 
nevertheless provide indications both certain affinity 
with substances importance the animal economy, and 
the means which fully aromatic carcinogens might 
conceivably formed result particularly some local 
disturbance sterol metabolism. more direct connection 
between carcinogenesis and physiologically important 
molecule was discovered Lacassagne 1932, when 
found that injection the female sex hormone produces 
cancer the breast male mice, under certain favourable 
conditions. now know that the appearance breast 
cancer mice determined number predisposing 
and conditioning factors. Also, the carcinogenic action 
the oestrogens mainly confined tissues which are highly 
responsive their physiological action. Nevertheless 
Lacassagne’s experiment was the first which cancer was 
produced naturally-occurring compound. what 
extent this subject has ramified, shown Burrows 
Horning’s (1947) oestrogens and neoplasia, with 
its detailed accounts the production pituitary, mammary, 
uterine, testicular, adrenal, subcutaneous, leukotic and 
osseous tumours mice and other species with both natural 
and synthetic oestrogens. About the time Lacassagne’s 
original observation, Cook Dodds (1933) showed that 
individual synthetic compounds—e.g. 6-cyclopenteno- 
(XLV) and 3:4-benzpyrene 
might show slight oestrogenic well carcinogenic activity, 
and oestrogenic action was also discovered certain 
di-alkyl derivatives 6-dibenz-9 10-dihydro- 
anthraquinol (XLVI). 


XLV 


XLVI 
6-cyclopenteno- 
2-benzanthracene 
di-alkyl- 


dibenzanthracene diols 


This work soon led larger-scale researches Dodds 
and Robinson and their collaborators (Dodds, Goldberg, 
Lawson Robinson, 1938), and the synthesis artificial 
oestrogens extraordinary potency. Among such com- 
pounds discovered later, diethylstilboestrol (XLVII) and 
triphenylethylene (Robson 1937) are 
now known specially capable inducing breast- and 
testis-tumours mice susceptible strains. These structures 
should compared with oestrone (XLIX) and chrysene (L), 
and may noted that triphenylethylene may also 
formulated phenanthrene derivative with one ring 
disrupted, possibly benzanthracene system with two 
rings disrupted. 
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triphenylethylene 


oestrone chrysene 


far polycyclic aromatic compounds are concerned, 
far the highest oestrogenic activity yet encountered was 
observed Haddow Badger (unpublished) 
fluorenes, oestrogenic action was specific this individual 
compound, fact which may related its schematic 
similarity diethylstilbene, shown and LII. 


CH, 


Lil 


2-benzfluorene 


CH, 


Nitrogen- and Sulphur-containing Analogues: 2-Amine 
Derivatives Naphthalene, Anthracene and Fluorene 


Carcinogenicity means restricted cyclic hydro- 
carbons, for found certain nitrogenous analogues such 
dibenzacridines and dibenzcarbazoles (e.g. LIII, LIV). 
Lacassagne, Rudali, Buu-Hoi Lecocq (1945) and Lacas- 
sagne (1946) have recently devoted attention series 
methylated derivatives the angular benzacridines (LV, 
and find marked distinction, that such derivatives 
2-benzacridine include many highly potent compounds, 
while similar derivatives 4-benzacridine are for the 
most part inactive. 
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6-dibenzacridine 


Some years ago, Boyland (Boyland Brues, 1937) directed 
special notice 3:4:5:6-dibencarbazole 
account its possible formation from 2-naphthylamine 
one the intermediates believed responsible 
for occupational cancer the bladder dye-workers 
(Rehn, 1895), and now known able induce this 
Dibenzcarbazole has the property inducing tumours not 
only locally, but the liver well, and this type carcino- 
genic action distance found thoroughly 
characteristic many such nitrogenous analogues, 
contrast with the polycyclic hydrocarbons, the effects 
which are more usually confined the point application 
injection. The effects methylation the carcinogenic 
activity 6-dibenzcarbazole has recently been the 
subject special study Kirby Peacock (1946). 

2-Naphthylamine turn related 2-anthramine (LIX), 
which was originally observed Shear (1938) produce 


2-naphthylamine 


6dibenzcarbazole 


LIX 


2-anthramine 


2-aminofluorene 


[See also BMB 973. 
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multiple hepatomas mice, and this 2-aminofluorene (LX), 
the acetyl derivative which was discovered 
Eds Cox (1941), following its use insecticide, 
type. The capacity 2-acetylaminofluorene produce 
varied growths squamous keratinizing carcinomata, 
cell carcinomata, mammary cancer, adenomata and carcino- 
mata the lung, benign and malignant tumours the 
and tumours the bladder and kidney, has been 
described this number Bielschowsky® (1947), and 
further reference need made this subject here. 

Finally, additional examples the manner 
the polycyclic hydrocarbon pattern can modified, 
still retaining carcinogenic potency, may quoted th: 
compounds LXI (Sandin Fieser, 1940) and LXII 
Tilak, 1946), each which benzene ring the 
thiophene nucleus. 


Azo Compounds 


the remaining chemical carcinogens, great number 
fall the class azo compounds. early 1906, 
Fischer described epithelial proliferation (in the ears 
rabbits) following the injection scarlet red (Biebrich 
Scarlet medicinal) (LXIII). Although the growths were 
non-malignant, Fischer rightly claimed his discovery the 
first case the induction tumour-like proliferation 
chemical compound. few years later, Hayward (1909) 
found that the active part the scarlet-red molecule was 
represented 4’-amino-2 3’-azotoluene (LXIV). Scarlet 
red was also used Yamagiwa, but his success producing 
malignant growths coaltar seems have diverted attention 
from the azo compound. 


CH, CH, 


Scarlet 


LXIV 


3’-azotoluene 


974) 


A = A BD 


LIV 
LVI 
CH, 
CH, 
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1924, Schmidt, during study Sudan dyes vital 
staining, noted that feeding scarlet red produced epithelial 
proliferation (adenoma) the liver mice. This observa- 
tion remained largely neglected, and little progress was made 
before 1931, when Yoshida (1934) observed the production 
proliferation mice. Varying his technique, Yoshida was 
able report liver tumours rats which had been given the 
same compound over long periods the diet. 

Kinosita (1940) later examined many other derivatives 
azobenzene, and found isomer aminoazotoluene— 
4-dimethylaminoazobenzene (LXV)—to highly active 
producing liver tumours. This substance, with 4’-amino- 
producing connective-tissue growths. Yoshida also noted, 
few his animals, papilloma-formation the stomach 
and bladder, and bladder tumours were later obtained with 
Recently, Kirby (1944) has examined the 
carcinogenic effect 4-aminoazobenzene itself. 


LXV 


4-dimethylaminoazobenzene 
butter yellow 


LXVI 
N=N 
CH; CH, 


other attempts produce bladder cancer, 
Hewett, Kennaway Kennaway (1940) selected the three 
azonaphthalenes, the supposition that these might arise 
present the crude bases, exposure which factor 
the occupational incidence the disease chemical workers. 
tumours the bladder were obtained, but liver changes 
mice, similar those induced the azobenzene deriva- 
tives, resulted from treatment with 2’-azonaphthalene 
Since azo may reduced the body 
amines way the hydrazo compound, and since this 
susceptible rearrangement, Cook and his colleagues 
al., 1940) then made tests with the compound 
which might thus expected, viz. 2’-diamino-1 1’- 
dinaphthyl This induced liver tumours with even 
greater facility than 2:2’-azonaphthalene, finding 
interest since the diaminodinaphthyl readily undergoes 
previously stated, itself produces liver tumours well 
skin cancer and malignant connective tissue tumours 
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N=N NH, NH, 


Derivatives 4-Aminostilbene 


entirely new class carcinogenic substances has 
recently been discovered, means approach quite 


different character from any far considered (Haddow, 


Harris Kon, 1945). investigation the mode 
action carcinogens, one the writers described growth- 
retarding inhibitory effect possessed many the 
polycyclic aromatic hydrocarbons, the nature and possible 
significance which will discussed following 
(Haddow, 1947). Suffice say here that evidence 
very different kinds has meantime been collected, which 
supports causal connection between these two biological 
properties carcinogenicity and growth-inhibitory power. 

earlier experiments, several instances were 
encountered which the inhibitory property was detected 
the basis given experiment. few such cases 
(of which 3-methyl-1 2-benzanthracene was striking one) 
subsequent re-test showed the compound be, fact, 
carcinogenic and sometimes markedly so, especially when 
administered the subcutaneous route preference 
application the skin. Although cases this kind could 
(which was, however, highly probable from statistical 
analysis all the results accumulated), they did allow 
certain degree confidence. Later experiments, covering 
wide variety chemical classes such the polycyclic 
hydrocarbons, many heterocyclic analogues, azo compounds 
synthetic oestrogens and others, revealed interesting examples 
variation inhibitory power which again could often, 
although not always, related with carcinogenicity 
its absence. 

due course, attention became directed 
apparent that this type exhibited the seemingly characteristic 
inhibitory property high degree (on average, approxi- 
mately tenfold that shown the carcinogenic hydro- 
carbons). Notwithstanding the fact that this compound and 
even more 4-aminostilbene =H) are highly 
toxic, examination other compounds (e.g. LXX) showed 
that certain features, any rate, this toxicity were not 
essential for the producticn the growth-retarding effect. 
Since many compounds the series, which 
another example, showed this biological property par 
excellence, steps were once taken test whether these 
compounds, too, were endowed with carcinogenic properties. 
soon became apparent that this was, fact, the case, and 
not merely so, but that their carcinogenicity had features 
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novel kind. For compounds LXIX, LXX and 
with acetylaminostilbene addition, carcinogenicity has been 
demonstrated the albino rat, all cases subcutaneous 
injection, and for 4-dimethylaminostilbene also incorpora- 
tion the diet. Sarcomata have also been produced mice 
subcutaneous injection both and 
aminostilbene, but the yield tumours small, and 
appears that the carcinogenicity these compounds for the 
mouse probably considerably lower than for the rat. This 
species-difference specially interesting, since appears 
also apply the inhibitory effect, the latter being much 
more striking the rat. Tumour-production the rat was 
characterized relatively long latent period (6-12 months 
more), and substantial yield tumours both the 
site injection and distance the compounds tested, 
the greatest activity far shown LXXI. 

The tumours produced these compounds the rat 
include sarcomata the point injection, basal-celled 


LXIX 


4-dialkylaminostilbenes 


LXX 


cH, 


stilbene 


carcinomata, carcinoma the eye-lid, squamous-celled 
carcinoma, particularly arising from the epithelium the 
externa! acoustic duct one both sides, but also occurring 
the face and other regions, distant and multiple 
subcutaneous fibromata, cholangiomata the liver, multiple 
mammary fibro-adenomata females (in 

many cases accompanied cholangiomatous 


the lung, and few examples intestinal carci- 


CHEMISTRY CARCINOGENIC COMPOUNDS 


Bielschowsky (1946), too, has remarked, that squamous 
keratinizing carcinomata the acoustic duct should 
produced 2-aminoanthracene and 
derivatives 4-aminostilbene, since this species tumour 
had not been previously described. course, there are 
certain differences detail between the carcinogenicity 
and that the aminostilbenes— 
witness the facility with which sarcomata are produced 
the latter, and the relatively benign character the mammary 
tumours induced with aminostilbenes. But the general 
biological similarity undoubtedly striking, and may reflect 
certain degree chemical affinity between 
and 4-aminostilbene, which will referred elsewhere. 

useful feature the aminostilbene series the relative 
facility with which programme can designed decipher 
the relationships between chemical constitution and biological 
action. course, there must still remain the necessarily 
lengthy process direct test for carcinogenicity, but far 
the inhibitory effect alone concerned, activity would 
appear depend essentially upon basic group the 
position, ethylene bridge (and not one three 
more carbon atoms) which neither hydrogen atom must 
substituted, free position, and the configuration 
the molecule whole. 

extension the above lead, which being carried 
out Mr. Brown, interesting cases are being dis- 
covered which ring can replaced various hetero- 
cycles, while still retaining growth-inhibitory capacity. One 
such type represented 
quinoline which, again, shows inhibitory properties 
which suggest that should tested for carcinogenicity. 
This compound special interest since, the test proves 
the question will raised whether the carcinogenic 
activity the trypanocide styryl-430 originally 
described Browning, Gulbransen Niven (1936), may 
connected with the styrylquinoline fragment which this 
compound contains its structure. 

Although the range and diversity carcinogenic com- 
pounds nowadays such might throw doubt the 
likelihood any underlying chemical specificity their 
action, such possibilities, and other examples already quoted 


and other changes the liver), adenomata CH=CH NH, 


noma and hypernephroma. 

The nature these tumours, and their 
distribution, somewhat reminiscent the 
variety neoplasms produced 2-acetyl- 
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the cyclic hydrocarbons, azo compounds and carbazoles, 
show that there may after all not merely community 
structure between active compounds given class, but 
that remarkable linkages between one class and another may 
also found. Such linkages between the carcinogenic 
azo-compounds and carbazoles, between aminoanthracene, 
aminofluorene and the aminostilbenes, and possibly between 
aminostilbenes and such apparently exceptional compound 
styryl-430, offer the prospect eventually establishing 
more comprehensive and meaningful relation between 
molecular features and biological action. 


Miscellaneous Substances Radioactive Elements, 
Arsenic, Urethane 


While the above survey probably sufficient for the main 
purpose the present symposium, means completes 
the list carcinogenic agents. Since cancer attributable 
arsenic separately considered Dr. Currie 
further reference will made here. Perhaps the most 
important remaining class the radioactive elements, and 
voluminous literature now testifies the exceptional produc- 
tion tumours the salts radium, thorium, mesothorium 
and radon, The potential carcinogenic action radio- 
active paints has long been recognized important 
industrial risk, from the work Martland (1931) and 
Martland Humphries (1929), and clear that modern 
developments atomic physics, rendering available 
radioactive isotopes increasing variety and abundance, 
must greatly add the scientific and practical problems 
which the potential carcinogenicity such substances 
creates. 

progress report has just appeared (Brues, Lisco Finkel, 
1947) the late effects different animal species exposure 
plutonium and various radioactive products uranium 
fission. Radioactive strontium with 55-day half-life, 
has marked tendency concentrate the skeleton and 
produce tumours bone mice. Bone sarcomata are also 
produced radioactive cerium-presyodymium 
and plutonium Following subcutaneous adminis- 
tration the last element, fibrosarcomata also appear 
the site injection, The carcinogenic effect rats and 
mice high-energy radiations associated with the uranium 
chain-reaction are also described Henshaw, Riley 
Stapleton (1947). With penetrating radiations, the main 
terminal effects are generalized atrophy and the appearance 
the haemopoietic tissues and mediastinal 
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Enough has been said indicate the history experi- 
mental carcinogenesis, the great number and variety pure 
compounds now known possess carcinogenic properties, 
and the fascinating relationships often seen exist between 
one class and another. While the list almost certainly 
incomplete, the discovery fresh examples will valued 
future not only for their own sake, but increasingly 
proportion they facilitate more complete synthesis all 
our available knowledge. From the days when the deliberate 
induction cancer was novelty, even when achieved with 
crude mixture coaltar, pitch, the whole subject has 
been steadily active and growing, although with many 
change emphasis. now enters upon entirely new 
phase, which attention tending progressively concen- 
trate upon problems mode action, that the intimate 
details the manner which the carcinogen converts the 
normal cell into malignant one. This different aspect 
treated separately 
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Rapid advances chemical and biological sciences are often 
made possible timely discoveries appropriate physical 
methods. example this seen the field carcino- 
genesis connected with polycyclic hydrocarbons. The 
following short account the scope (and limitations) 
the methods that have proved most valuable, with brief 
mention certain others more recent and less extensive 
use, which may possibly find wider application the future. 
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Naked-eye and Microscopical Examination 
Fluorescence 


Most aromatic polycyclic hydrocarbons, and many their 
derivatives, fluoresce ultra-violet light, and can thus 
detected, often very small amounts, such illumination. 
Advantage has been taken this chromatography (see 
below), and also variety biological studies (see Peacock, 
1940 1944). Naked-eye and microscopical examination 
animal tissues ultra-violet radiation has played 
important part such studies (i) the distribution 
carcinogens various parts the body after injection 
(Peacock, 1936, 1940; Doniach, Mottram Weigert, 
1943a, b), (ii) their persistence the skin after application 
(Hieger, 1936; Simpson Cramer, 1943; 1945), (iii) 
preliminary indication their manner metabolic con- 
version and elimination vivo (Peacock, 1936, and others 
see review Boyland Weigert, this number’), and 
(iv) histochemical procedure (Graffi, 1939). Spectro- 
graphic analysis the emitted fluorescence has, however, 
provided more precise information, and calls for fuller 
discussion. 


Fluorescence Spectrography 


The introduction the spectrographic study fluorescent 
light (Mayneord, 1927), method investigating complex 
mixtures hydrocarbons tar, served essential step 
the work which led the isolation and identification 
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CARCINOGENIC HYDROCARBONS 


benzpyrene cancer-producing constituent pitch 
(Hieger, 1930, 1937; Cook, Hewett Hieger, 1933). 

Working the problem carcinogenic tars and oils, 
Hieger (1930) investigated the fluorescence spectra wide 
range hydrocarbons and related compounds, and found 
many the polycyclic members possess banded spectra, 
some which appeared sufficiently distinctive (in pattern 
and positions the bands) characterize them with some 
confidence. (This property proved especially valuable the 
isolation 3:4-benzpyrene.) cases, however, 
dissimilar compounds (or different derivatives the same 
compound) appeared possess identical spectra. This low 
specificity was due part the use spectrograph 
low dispersion, but depended more the fact that the 
individual bands were few number and not always sharp. 

recent studies (Berenblum Schoental, 1946), some 
the difficulties have been overcome the use spectro- 
larger dispersion, and more especially the inter- 
position moving near the slit, thereby con- 
verting the wide bands into peaks (see Fig. 1). comparing 
the spectra different polycyclic hydrocarbons, isomeric 
substitution products, and related compounds, they were 
able show considerable degree specificity (e.g. sufficient 
differentiate the six isomeric methoxychrysenes), though 
confirming Hieger’s main thesis that identity fluorescence 
spectrum does not always denote proof identity 
structure. 

The advantages fluorescence spectrography are that 
(i) the procedure simple, once the apparatus set up, 
(ii) the method highly sensitive, requiring very small 
amounts material (e.g. the benzpyrene bands are detectable 
concentrations are needed for most other compounds), 
(iii) tests can often carried out the presence impurities 
(provided that these are not highly coloured, or, them- 
selves fluorescent, provided that the bands are different 
positions), and (iv) the method can adapted for quantita- 
tive estimations (see below). modification which provides 
fluorescence spectra substances adsorbed alumina 
columns, contained tissues (Doniach al., 1943a), gives 
promise further useful application. 

The limitations fluorescence spectrography are that 
(i) the method restricted the class fluorescent sub- 
stances that display banded spectra, (ii) the specificity is, 
already stated, only relative, that while spectral differences 
are proof non-identity compounds, similarities 
spectra, though indicative structural identity, cannot 
always interpreted proof it, and the results 
obtained are influenced many factors, including the nature 
the optical system, the sensitivity the plates, the solvent, 
the light source, etc., that comparisons are valid ‘only 
under given conditions. (For fuller discussions, see Miller 
Baumann, 1943; and Weil-Malherbe, 1944, quenching 
fluorescence Berenblum Schoental, 1946, the use 
fluorescence spectrography for identifying compounds 
and Bowen, 1946, theoretical aspects fluorescence.) 


Absorption Spectra 


Observations spectral absorption aromatic polycyclic 
hydrocarbons and their derivatives have also considerably 
aided the study carcinogens, particularly their distri- 
bution between the various body-tissues (Jones, 1942), and 
their metabolism (Boyland, Levi, Mawson Roe, 1941 


Dobriner, Rhoads Lavin, 1939; 1942; Berenblum, Crowfoot, 
Holiday Schoental, 1943; Schoental 
Holiday, 1943; Berenblum, Schoental, Holiday Jope, 
1946). The dosage hydrocarbon required initiate 
tumour often, however, far lower than that used these 
metabolic experiments, and remains uncertain whether 
the fraction the hydrocarbon which instrumental 
carcinogenesis follows the same metabolic path the bulk 
The minimal doses for carcinogenesis are 
probably too low for standard spectroscopic techniques 
applicable (but see section this review). 

The ultra-violet absorption spectra these compounds are 
very intense, and exhibit elaborate patterns fine structure 
means which they can identified even small 
amounts. These patterns depend upon the molecular vibra- 
tions, and isomeric compounds, derived from 
conjugated double-bond system with one substituent 
different positions, show easily distinguishable spectra, 
though the general character each case recognizably that 
the double-bond system. Thus, Fig. and show spectra 
3:4-benzpyrene and its 5-, 8-, and 10-methoxy 
derivatives. 

The usual spectral absorption curves are chiefly use for 
quantitative studies (Chalmers, 1934; Jones, 1942; see 
below), which can carried out 0-5 less these 
hydrocarbons. For the identification these compounds, 
however, the wavelengths the fine-structure peaks must 
measured accurately, and technique has been devised 
(Holiday, 1937a; 1945) for obtaining these more satis- 
factorily than from absorption curves. The spectrograms 
Fig. were obtained this technique, and may 
compared with the curves for the same compounds (Fig. 3). 
Examination this technique may carried out 
even less than 0-1 »g. many these hydrocarbons, and 
may used give information about such compounds 
with fine structure their spectra even very impure 
extracts (Holiday, 1937b), which useful 
work. rapid, semi-quantitative, and need not require 
very elaborate equipment. 

Identification these compounds from their absorption 
spectra still largely matter comparison with the spectra 
those whose structures are known from synthesis other 
chemical arguments. Mayneord Roe (1935, 1937) started 
systematic collection spectral data from model com- 
pounds, and subsequent work has been summarized 
Jones (1943), but many new compounds interest this 
field are being made that the work expands faster than 
can covered. Certain conclusions structure may 
sometimes derived from more theoretical arguments. 
Thus, the partially hydrogenated dibenz- 
anthracene (I) may deduced from the resemblance its 
spectrum the naphthalene type, eliminating the benzanthra- 
cene phenanthrene-plus-benzene (III) structures 
(Mayneord Roe, 1935, see also Kon Roe, 1945). 
Anomalies are, however, sometimes encountered these 
cases (e.g. Morton Gouveia, 1934), and comparisons 
with known structures are desirable whenever possible. Such 
hydrogenated derivatives may occur among hydrocarbon 
metabolites (Berenblum al., 1946). 

The scope and limitations fluorescence and absorption 
spectra may compared Absorption spectra are general 
more specific than fluorescence spectra, and are considerably 
less influenced the experimental conditions. With these 
compounds, the sensitivity absorption spectra observa- 


le 
: 
an 
é 
) 
lee 
327 


FIG. FLUORESCENCE SPECTRA 
HYDROCARBONS 


anthracene 


3:4-benzpyrene 


anthracene 


chrysene 

pyrene 

1:2:5:6-dibenzanthracene 


20-methylcholanthrene 


3:4-benzpyrene 


10-methoxy-3:4-benzpyrene 


3:4:8:9-dibenzpyrene 


Spectra and are simple 
exposure; the remainder 
the method. 
All tested solution liquid 
paraffin 
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FIG. ABSORPTION SPECTROGRAMS 


3:4-benzpyrene 


Absorption spectrograms 3:4 
benzpyrene and its 5-, 8-, and 
10-methoxy-derivatives, hexane 
illustrate the detailed fine 
structure. 


99000 


FIG. SPECTRAL ABSORPTION 


10-OMeBP 


METHYLATED METABOLIC 
BENZPYRENOL (RABBIT) 


Spectral absorption benzpyrenes hexane 


3:4 benzpyrene 
5-methoxybenzpyrene 
10-methoxybenzpyrene 


The fine structure bands indicated diagrammatically have been taken 
from spectrograms shown Fig. 


tions the same order that with 
fluorescence spectra. any case, the two 
methods are complementary, evidence from 
both being much more conclusive than that 


from either alone. 
Crystallography, etc. 

Polarography may useful the study 
some carcinogens (Waterman, 1937, 1939 
Wawzonek Laitinen, 1942), being sometimes 
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Crystallographic and x-ray examination have also proved 
useful the identification hydrocarbon metabolites 


Chromatography 


Though chromatography nowadays accepted 
standard technique most chemical laboratories, its applica- 
tion polycyclic hydrocarbons special interest, first, 
because much the existing knowledge about the relation 
chemical structure chromatographic behaviour was 
elucidated the study these compounds (Winterstein 
1934; Winterstein, Schén Vetter, 1934; Winter- 
stein Vetter, 1934), and second, because the important 
chromatography has played the isolation metabolites 
polycyclic hydrocarbons (Chalmers, 1940; Dobriner 
al., 1942; Berenblum Schoental, Berenblum, 
Schoental Holiday, 1943; Berenblum al., 1946; 
Weigert Mottram, 1943, 1946; etc.; see also review 
Boyland Weigert this number). 

The use chromatography for fractionating tars and oils 
has led the unexpected detection benzpyrene shale 
oil, well the separation carcinogenic, benzpyrene- 
free fractions (Berenblum Schoental, 1943b), and also 
highly carcinogenic, benzpyrene-free fractions from coal 
tar (British Empire Cancer Campaign, 1943). 


Quantitative Estimations Hydrocarbons 


The quantitative estimation benzpyrene, and other 
hydrocarbons, biological materials (at various periods 
after injection these compounds into the animal body) 
based one two methods (i) fluorescence spectro- 
graphy (by matching the intensities the bands with those 
standard solutions) fluorimetry, and (ii) absorption 
spectrography (by extinction coefficients). With some 
tissues, simple extraction the desiccated material with 
benzene, etc., adequate, but with more complex materials 
(e.g. faeces), with whole carcasses, preliminary chemical 
disintegration the tissue, and elaborate methods 
purification the extracts, are necessary. The former 
usually achieved boiling with alcoholic potash, while the 
latter (involving chromatography and other procedures) varies 
according the degree and kind purification required, 
whether for estimation fluorescence spectrography 
(Berenblum Kendal, 1936 Berenblum Schoental, 1942), 
absorption spectrography (Lorenz Shear, Dobriner 
al., 1942; Jones, 1942), fluorimetry (Weil-Malherbe, 
1944). (For separation and estimation intermediate 
products metabolism benzpyrene, see Weigert 
Mottram, 1946): 


Aqueous Dispersion Carcinogenic Hydrocarbons 


Aromatic polycyclic hydrocarbons are soluble organic 
solvents and oils but insoluble water. Hence, solutions 
benzene acetone are usually used for skin painting, and 


REFERENCES 


Beck, (1943) Nature, Lond. 152, 537 
Berenblum, (1932) Lancet, 1107 


solutions oils for subcutaneous injection. Certain investi- 
gations (e.g. those involving intravenous injections) cannot 
carried out such media, and attempts have, therefore, 
been made circumvent the limitation insolubility 
water. 

The preparations used include colloidal suspensions 
water aqueous gelatin (Boyland, 1932; Berenblum, 
1932), aqueous solutions complexes with bile acids 
Vetter, 1934), suspensions serum 
(Lorenz Andervont, 1936), purines (Druckrey, 1938), 
glycerin (Graffi, 1939), olive-oil water emulsions (Lorenz 
Stewart, 1940), and aqueous solutions soap (Beck, 
1943). None these ideal for all purposes, since the 
concentrations obtained are low, the suspended particles 
are coarse (and tend even coarser aggregates the 
blood-stream, resulting their accumulation the lung 
capillaries, cf. Peacock, 1940), and some, least, the 
preparations are toxic. overcome the difficulties, water- 
soluble derivatives have been synthesized (Cook, 1931 
Fieser, Fieser, Hershberg, Newmann, Seligman Shear, 
1937, etc.), but these, too, have serious limitations, since the 
stable derivatives have entirely new biological properties, 
while the unstable ones revert quickly the body into the 
(water-insoluble) parent hydrocarbon. 

Stamer (1945) used aqueous suspensions addition 
poly-ethylene oxide types compounds (e.g. 
Danigefa Ltd., Copenhagen. This procedure may 
prove the solution this vexed problem, since high 
concentrations can obtained, providing very fine emulsions 
(which are not trapped the tung capillaries). 


Future Developments 


important possible development the seeking 
carcinogens individual cells tumour other tissue 
methods spectromicrography similar those developed 
Caspersson (1940) and others. such work has yet 
been reported. the necessary equipment elaborate, 
well know beforehand the probable limitations the 
data obtainable. spherical tissue cell diam., 
benzpyrene evenly distributed through its cyto- 
plasm would show extinction coefficient about 0-1 for 
the peaks the wavelength range 300-400 mz., where other 
cell constituents absorb little. Such absorption should 
detectable, and, modification Holiday’s (1937a) 
technique, using powerful hydrogen arc continuous 
source, the fine structure patterns might identifiable. 

But such concentrations hydrocarbons, corresponding 
per mg. tissue, represent high degree localiza- 
tion carcinogen, bearing mind the small amounts 
required initiate tumour. The significant carcinogen 
molecules might well not homogeneously distributed 
through the cytoplasm, but spectromicrography might reveal 
local concentrations within the cell structure 107 
carcinogens. Similar arguments may applied the 
possibility obtaining useful results from 
spectromicrography. 
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Sufficient has already been said previous 
(Haddow Kon, 1947) indicate the nature, number and 
great variety the chemical carcinogens. Several hundreds 
these are present known, and while the list almost 
certainly far from complete, natural that less attention 
should now paid descriptions the carcinogens 
alone, and progressively more their mode action. 

962] 


CARCINOGENIC HYDROCARBONS 
Continued from page 330 


Berenblum, Schoental, (1943a) Cancer Res. 145 
Berenblum, Schoental, (1943b) Brit. exp. Path. 


Berenblum, Schoental, (1946) chem. Soc., 1017 
Berenblum, I., Schoental, Holiday, (1943) Cancer 
Res. 686 
(1946) Cancer Res. 699. 
Bowen, (1946) The chemical aspects light, Oxford 
Boyland, (1932) Lancet, 1108 
Boyland, E., Levi, A., Mawson, Roe, (1941) 
Biochem. 35, 184 
Boyland, Weigert, (1947) Brit. med. Bull. 354 
British Empire Cancer Campaign (1943) Annual report, 


Caspersson, (1940) micr. Soc. 50, 

Chalmers, (1934) Biochem. 28, 1214 

Chalmers, (1940) Biochem. 34, 678 

Cook, (1931) chem. Soc., 2529 

Cook, W., Hewett, Hieger, (1933) chem. Soc. 


Dobriner, K., Rhoads, Lavin, (1939) Proc. Soc. 
exp. Biol., 41, 
K., Rhoads, Lavin, (1942) Cancer Res. 
at 


Doniach, Mottram Weigert, (1943b) Brit. exp 
24, 


Druckrey, (1938) Arch. exp. Path. Pharmak. 190, 184 
Fieser, F., Fieser, M., Hershberg, B., Newmann, 


(1939) Krebsforsch. 49, 477 


Hence, the problems major importance which must now 
concern are rather the nature the structural rela- 
tionship between carcinogens one chemical class and 
those another, the extent which any such com- 
munity structure may signify common principle 
action, and finally, the nature that action itself which 
the biological change, from the normal the malignant 
state, achieved. Before proceeding, may noted how 
comparatively little the way correlation has been 
obtained, least until very recently, the use purely 
physical methods, how fertile contrast have been the 
suggestions arising from the chemical 
attack, and how consonant these are with independent 
evidence from exclusively physiological biological 
approach, which has itself been able establish practical 
working hypothesis comprehensive enough include 
carcinogens the most varied types, and apparently 
sound enough predict the activity entirely new 
class—the 


Properties 


far physical properties are concerned, the great 
majority all chemical carcinogens are virtually insoluble 
water, although soluble lipoids and some extent 
body-fluids such serum and bile but relation exists, 
directly any rate, between the greatly varying degrees 
such solubility and carcinogenic action. For the polycyclic 
hydrocarbons, specific differences have been disclosed 
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between carcinogens non-carcinogens, means 
either fluorescence ultra-violet absorption spectroscopy. 
the case the aminostilbenes, the ultra-violet absorption 
spectra considerable series are being investigated 
Dr. Roe, and will reported upon later. For both 
the carcinogenic hydrocarbons and aminostilbenes, too 
early say whether developments may arise from the 
radically different type information obtained the 
application infra-red spectroscopy. Other physical 
physico-chemical techniques, such the interaction 
carcinogens with monomolecular films sterols, proteins 
and other substances, have still been very inadequately 


studied, although Clowes and his collaborators (Clowes, 1943) 


suggested that this type interaction might influence the 
normal function cholesterol. 


Chemical Relationships 


The possibility has already been discussed previous 
paper (Haddow Kon, 1947) that certain azo compounds, 
and transformed into carbazoles the liver (in this case into 
and there produce tumours 
that organ. Although proof has far been obtained that 
such process effected vivo, seems legitimate question 
whether such chemical transformations, even they not 
represent the mechanism itself, should regarded 
significant and important affinities only the theoretical 
sense. the case 4-aminostilbene, which produces 
tumours the rat type and distribution similar those 
produced 2-acetylaminofluorene, similar suggestion was 
3-aminofluorene Here again, even 
such mechanism regarded extremely unlikely 
explanation the action 4-aminostilbene the body, its 
chemical feasibility has perhaps some underlying meaning 
which should not ignore. 

Whatever may the ultimate prospect deriving logical 
relationships between them, still remains fact that com- 
pounds widely different features the purely chemical 
sense (as anthracenes and fluorenes, aminostilbenes, acridines 
and carbazoles) may none the less show important 
biological property common. Some these cases led 
Cook (Barry, Cook, Hewett, 
Kennaway, 1935) indicate the significance, themselves, 
general molecular shape and dimensions, and somewhat 
similar opinion was held Bergmann (1942), who 
conceived the molecule functioning whole, and its 
activity being determined shape and Bergmann 
suggested that all the carcinogenic hydrocarbons might 
absorbed single receptor, and that all such compounds 
might regarded parts ideal” carcinogenic 
structure. According this view, geometrical conformity 
carcinogen and receptor necessary condition for 
activity, although not sufficient one. Pursuing these 
notions, logical step consider the wide range 
compounds already examined, some class among them, 
possesses any structural characters common, such 
might indicate the essential nature the carcinogen-receptor 
relation. may said once that this almost certainly 
not so, but the writer has been impressed curious relation 
certain pairs isomers, one which carcinogenic and 
the other inactive only feebly active, and according 
which the active molecule alone might appear incorporate 
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pairs are shown (I-IV) contrasting the carcinogens 4-benz- 
pyrene and 8-dibenzfluorene with the inactive 
feebly active and the non-carcinogenic 
6-dibenzfluorene. 


4-benzpyrene 


such relation were represent more than mere 
coincidence—and Pacault (1946) has adduced evidence for 
the existence structures such aromatic 
nuclei—one might anticipate marked distinction carcino- 
genicity between the homologues 2-benzacridine (V), 
which could not incorporate the 
sagne and his colleagues (Lacassagne, Rudali, Buu-Hoi 
1945; Lacassagne, 1946) have, fact, described 
strong contrast carcinogenicity between the two series, 
but the opposite sense the above! many other 
examples, too, e.g. the carcinogenic alkyl-substituted 
relation could possibly hold. 


Notwithstanding the absence any very obvious clue, the 
extent the existing data effects alkyl and other 
substitution alone, makes very 
desirable that these data should soon re-examined 
further attempt generalize the relation between chemica! 
constitution and carcinogenic action. Some time ago the 
writer obtained, with the help Dr. Hartley, partia! 
evidence that the carcinogenic derivatives benzanthracene 
may members series, far their geometry alone 
concerned. The matter still requires very much closer scrutiny, 
and one would therefore hesitate advance even the most 
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tentative hypothesis. But appears not beyond the 
bounds possibility derive the future, purely 
numerical geometric methods, expression which would 
generalize all the information already have many 
individual cases concerning the effects substitution the 
carcinogenic activity this group least. Such expres- 
sion would clearly represent simply comprehensive state- 
ment, the smallest number terms, what already 
know but one gathers, assuming could fully verified, 
that might also indicate some relationship not apparent 
from the individual data themselves, and that might reflect, 
without giving any direct indication its nature, some type 
reactivity necessary for this kind biological action. 


Substitution and Addition Reactions 


Although class the carcinogenic hydrocarbons must 
regarded comparatively inert, they are nevertheless 
susceptible oxidation, eventually yielding non-carcinogenic 
quinones. Since anthracene known inhibit the auto- 
oxidation benzaldehyde, has been suggested that the 
activity the carcinogenic hydrocarbons may due some 
similar inhibition the normal oxidative processes the cell. 
Fieser (1941) laid great stress the fact that the most potent 
the carcinogens are endowed with remarkable suscepti- 
bility substitution reactions, and surpass all other known 
aromatic hydrocarbons this type reactivity. Studying 
this phenomenon with the reactions diazo coupling, lead 
tetra-acetate oxidation, oxidation with perbenzoic acid, and 
condensation the hydrocarbons with sulphur mono- 
chloride, found general that the order reactivity was 
essentially the same for given group compounds, and 
declined the following sequence: methylcholanthrene 
1:2:5:6-dibenzanthracene. Again, for every 
correlation yet attempted, there are exceptions, especially 
the case certain anthracenes equally susceptible 
oxidation, but these did not appear Fieser invalidate 
the notion causal association between chemical reactivity 
and carcinogenesis, provided that other essential require- 
ments, such solubility, absorbability and molecular size, 
were also satisfied given compound. 

Such considerations suggested that the carcinogenic 
molecule undergoes substitution reaction the first stage 
the production its biological effects. The earliest 
possibility considered was introduction hydroxyl, 
sulphydryl basic group, leading functional derivative 
which might then enter into other changes possibly involving 
conjugation with constituents the cell. Later, more 
direct interaction was suggested the condensation 
sulphur monochloride with carcinogenic hydrocarbons 
with the most potent and reactive hydrocarbons, introduction 
sulphur substituent occurs room-temperature without 
catalyst, and Fieser suggested that possibly the carcinogen 
combines with cell proteins the opening 
S-S linkage indicated for 4-benzpyrene VII and VIII. 

far addition reactions are concerned, Fieser indicated 
that the carcinogens enter into such reactions only sluggishly, 
and are attacked points other than the reactive centres 
indicated substitutions. The principal reaction studied 
was catalytic hydrogenation which, pointed out, bears 
some analogy biochemical transformation proceeding 
under the influence enzyme. Fieser Hershberg 
(1938) found that methylcholanthrene and 10-methyl- 


Haddow 


proteide 


2-benzanthracene tended add hydrogen positions 
(e.g. the double bond methylcholanthrene) other than 
the meso centres other centres hindered neighbouring 
rings the presence substituents (IX, X). 

Boyland Weigert (1947)? have already indicated how 
carcinogenic hydrocarbon may first all combine with 


CH, 


enzyme, with other tissue-constituents such ascorbic 
acid purines, through the positions prime reactivity, 
and have shown the way which hydrocarbon can 
altered the body, give neutral water-soluble substances, 
addition the elements hydrogen peroxide positions 
only secondary reactivity. From the data available the 
fate carcinogens vivo, therefore appears that the 
metabolism-reactions involve attack centres other than 
those specially liable substitution, and Fieser regarded this 
situation comprehensible the hypothesis that the 
carcinogen subject two reactions proceeding different 
mechanisms, one responsible for the induction malignant 
growth and the other leading detoxification 
the assumption that the metabolic change follows 
undamentally different reaction mechanism from the postulated 
substitution reaction carcinogenesis seems necessary 
order account for the fact that the attack occurs part 
the molecule different from that involved 
That may fact possible dissociate detoxication 
mechanisms from those which are specifically concerned 
the process carcinogenesis, supported evidence 
different kind described Crabtree Crabtree 
showed that the usual course carcinogenesis might 
impeded first certain chlorine compounds which 
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suggested could act through condensation with SH-containing 
components impair enzyme systems dependent .on 
intact groups; another class 
typified the unsaturated maleic and citraconic acids, which 
form addition products with SH-containing compounds and 
disturb the sulphur metabolism mouse skin fixation 
glutathione and naphthalene, anthracene and phenan- 
threne, which are excreted mercapturates. Since these 
four groups appear possess only common feature 
(their action upon sulphur metabolism), and since there 
evidence that sulphur involved the detoxication 
carcinogens, Crabtree suggests that may some inter- 
ference with sulphur metabolism, preferential combina- 
tion, which tends specifically inhibit the mechanism 
carcinogenesis. 

the attempt define the essential structural require- 
ments for carcinogenicity, Robinson (1946) 
suggested that the weight evidence indicates the possibility 
reaction activated phenanthrene-type bridge the 
great majority cases. But again there are certain apparent 
exceptions, more than one mechanism may involved, and 
Robinson made clear his unwillingness advance even 
provisional hypothesis until more facts had been gathered. 
There are equally, however, several examples not merely 
consistent with such view, but remarkably striking and 
suggestive the relationships they show. The extreme 
Clear illustration that unsubstituted meso positions are 
not for activity, and great interest the 
anthracene (XII) has now been found Berenblum (1946) 
possess marked carcinogenicity, contrast with 10- 
pletely devoid such activity. 


10-dimethyl- 
dibenzanthracene 


These examples are keeping with the view that 
essential requirement may the phenanthrene double bond, 
and that the and 10-positions phenanthrene (shown 
that the reactivity these positions may enhanced (or 
competitive reactivity reduced) appropriate substitution 
elsewhere. Another critical case, also agreement, has 
recently been described Harris Bradsher (1946) 
astonishing contrast between the high carcinogenic activity 
1:2:3:4-dibenzphenanthrene (XIV) and the total 
absence activity the 9-methyl (XV) 
(XVI) derivatives. 

One further method attack, applied Robinson, has 
been test substances analogous with known carcinogens 
that benzene ring replaced the isosteric thiophene 
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nucleus. 10-dimethyl-1 2-benzanthracene itself there 
are three benzene nuclei which might replaced this way, 
and two these cases (XVII, Fieser, 1941) the 
products are already known carcinogenic. The third 
isomeride, which greater significance that the phenan- 
threne bridge here replaced sulphur (XIX), has now 
been prepared Tilak (1946), and certainly interest 
not merely that this compound non-carcinogenic 
subcutaneous injection mice, and seems only weakly 
active painting, but that high potency again emerges 
the benzo-derivative (XX), where the phenanthrene deuble 
bond once again feature. 


* 


The apparent importance the phenanthrene double 
bond, even not completely determining its influence 
upon carcinogenic activity, finds parallel the ethylene 
bridge the aminostilbenes (infra). Between these 
structures there high degree similarity not merely 
purely chemical grounds, but also the way 
which substitution, modification total replacement, 
leads annulment the biological activity the molecule 
whole. far the growth-inhibitory effects the 
aminostilbenes are concerned, such activity disappears when 
the ethylene bridge extended three four carbon atoms, 
when reduced, when either both hydrogen atoms are 
substituted alkyl group, when either 
replaced nitrogen atom, when the whole bridge 
replaced oxygen sulphur. 

still too early say whether the same strict rules 
govern the carcinogenicity the aminostilbenes, even though 
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these were discovered the direct outcome study 
their inhibitory the extent however that 
permitted the results obtained far, can said that 
the correspondence complete. the aminostilbenes 
would seem necessary condition, although clearly not 
sufficient one, that the molecule should capable 
assuming quinonoid disposition, with electron-donating 
group one ring conferring high degree negative polarity 
the other, and the outstanding feature being the necessity 
for unsubstituted hydrogen atoms the ethylene bridge and 
the position. Such system would appear not merely 
contain structure the ethylene bridge which 
analogous with the phenanthrene double bond the cyclic 
hydrocarbons, but possess electronic characters which are 
produced condensed systems benzene rings rather 
different means. Further, the amino-diarylethylenes present 
certain advantages their comparative simplicity and the 
relative ease with which one may hope establish 
connexion between constitution and activity. Finally, the 
changes they are likely undergo the body—a few 
which are indicated XXI—XXIII for 4-dimethylamino- 
stilbene comparison with known steps the oxidation 
p-aminophenol again such might 
expected interfere with the oxidative mechanisms 
the cell. 


States the Carcinogenic Molecule 


The above relationships gain further interest from recent 
attempts establish connexion between electron distri- 
bution and chemical reactivity the one side, and carcino- 
genicity the other, the condensed unsaturated hydro- 
carbons. Otto Schmidt (1938, 1939a, 1939b, 1941) was the 
first compare the electronic density the meso regions 
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certain carcinogenic substances with that related non- 
carcinogens, and the basis this comparison postu- 
lated that necessary condition carcinogenic activity 
that the density such regions should exceed 
particular, further suggested that the activity car- 
cinogen due the electro-affinity its excited state 
facilitating quantal change neighbouring molecules. 
More recently, Pullman (A. Pullman, 1945, 1946a, 
Martin (1946) have obtained supporting evidence this 
conception, through quantum mechanical treatment (with 
Daudel) which permits calculation the density 
electrons for given structure (in chrysenes, benzanthracenes 
and benzacridines), means which claimed that 
relation can formulated between carcinogenicity and the 
electronic density the region (XXVIII), the density- 
threshold below which substance ceases carcinogenic 
being 1.292e. 

The Pullmans also state that not the position 
the region which first importance, but its specific 
character, and that may appear other points the 
molecule and still possess the same function; hence, while their 
work would seem the main, and 

relation between the carcinogenic power 
molecule and the existence within this molecule 
agreement points detail such the position 
the active region, and the influence sub- 
stituents. Pacault (1946), measurements 
magnetic susceptibility, also indicates certain 
electromeric structures, the existence which 
appears correlated with the particular 
Daudel (1946a, 1946b), like Schmidt, has 
envisaged the molecular alterations which might 
proceed from the proximity region rich 
electrons certain regions protein mole- 
cules. These views, that the concentration 
electrons the preponderant cause, not the 
only one, the carcinogenic property, may 


possibly represent over-simplification, and are 


But there doubt they are symptomatic 
the need for deeper understanding the 
manner which carcinogens operate, and that 
they would confirmed, Daudel says, effect 

remarkable liaison between biological problems 
the one hand and the most abstract regions 
pure science the other. 


Biological Considerations 
Turning next the biological plane, may 


immediately claimed that purely physio- 


p-aminophenol 


benzoquinone methods have been surprisingly successful 
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the attempt decipher the mechanisms 
carcinogenesis, and have the least made 
contribution. course upon biological methods 
that must depend for the primary data carcinogenesis, 
and these may briefly reviewed before proceeding. the 
first place, have reason doubt the view, and every 
reason support it, that the process one which local 
origin, and due direct action the carcinogen its 
products upon the affected cells. That chimney-sweep’s 
cancer due local contamination the skin with soot, 
and not any disease the habit was clearly recognized 
Pott 1775, although the local constitutional origin 
cancer general continued debated hundred years 
later, famous meeting the Pathological Society 
London 1874, when Sir James Paget was still interpreting 
cancer disorder the blood, opposition Sir William 
Gull, Arnott, Hutchinson, Moxon and others who maintained 
its strictly local origin. now know that, while consti- 
tutional and genetic factors can greatly influence suscepti- 
bility cancer, and may even determine the site its 
spontaneous occurrence, the disease one the individual 
separate organism and with relation the needs 
the body whole. this which gives cancer its 
anique position pathology, accounts for its intractable 
nature, and explains its growth, Paget’s words irrespective 
the maintenance the rest the body, discordant from 
its normal type, and with seeming purpose (Paget, 1853). 

the nature the transformation from the normal 
the malignant cell, and the manner which the carcinogens 
effect it, interpretation can sufficient which fails 
take count the great diversity tumour-producing agents. 
Indeed, one the most striking features cancer the 
multiplicity its experimental causes, including not merely 
the variety chemical compounds already considered, but 
physical agents such ultra-violet rays, rays, and the 
radiations emitted radium and other radio-active elements. 
Such apparent lack specificity may merely superficial, 
and has already been shown that many the chemical 
carcinogens have more common than appears. Further, 
since the pathological end-result all cases the same, 
probable that the cellular processes involved are not com- 
pletely dissimilar and may fact have identical basis, 
the same general types interference with function being 
induced wide range causes. This view supported 
the fact that different carcinogenic influences may 
interchanged (Berenblum, 1930) summated (Hieger, 1936), 
during the period tumour-induction, result which 
expected cancer can result not only from single chain 
abnormal events but from several which lead different 
routes final common path. Foulds (1945) has compared 
the seeming non-specificity carcinogenic agents with the 
non-specificity agents which lead the liberation the 
substance and Sir Thomas Lewis’s triple response and 
the writer (Haddow, 1938) also pointed out that the basis 
non-specificity cases this kind probably the extremely 
limited number possible physiological responses. 
regards division, for instance, normal cell can react only 
one three ways (a) continuing growth temporarily 
increased decreased rate (b) ceasing growth (c) 
undergoing malignant change divide perman- 
ently increased rate. 

Although our central problem the means which 
many carcinogens produce malignant transformation 
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somatic cells, certain that this only special case 
the origin discontinuous cellular variation general, 
e.g. bacteria, protozoa, fungi and plants. was therefore 
suggested several workers (Lacassagne, 1936; Haddow, 
1937)—and has been fully confirmed—that study the 
physiology unicellular organisms, and particularly 
bacteria, might unique value deciphering the funda- 
mental principles such variation. the result experi- 
ments along these lines the writer (Haddow, 1937) concluded 
that the sources discontinuous variation are mainly 
environmental origin, and that its induction given 
character depends upon two main requirements: (i) cell 
which inherently capable variation; (ii) source 
environmental interference with the character question. 
Special attention was given the environmental conditions 
governing the origin variants with permanently increased 
growth-rate, when was found that such variants are 
produced not any process direct growth-stimulation, 
might expected, but appear sequel long- 
continued period growth-repression 

therefore seems that when the growth potentially 

variable organism continuously inhibited process which 

allows sufficient proportion the affected cells survive, 

relatively small number may undergo irreversible change 

their metabolic properties virtue which they are then 

able achieve active multiplication environment which 
makes this difficult, even impossible, for their parent cell.” 

That general principle this kind might well apply 
the induction tumours was supported the finding that 
the great majority long series chemical carcinogens 
produced rather characteristic inhibition body-growth 
the rat, and that such activity wds mostly absent 
similar series related non-carcinogenic compounds 
(Haddow, Scott Scott, 1937 Haddow Robinson, 1937, 
1939 Badger, Elson, Haddow, Hewett Robinson, 1942). 
The main feature the inhibition brought about the 
carcinogenic hydrocarbons its relative prolongation, and 
almost certainly significant that rays and radium, 
which are also carcinogenic certain circumstances, are 
equally capable producing similar inhibition under the 
same circumstances, the most suitable conditions being 
(a) continuous exposure weak source radiation 
(Ross, 1936), prolonged repeated exposures. From 
the writer’s results there seems little doubt substantial 
correlation between carcinogenicity and growth-inhibitory 
power, and therefore seemed real possibility, the 
case rays and radium, that the mode action chemical 
carcinogens might well indirect, and that they could operate 
retardation the growth normal cells, the latter 
eventually reacting give new race cells with increased 
rate fission. While the correlation which this view 
based seems sufficiently strong justify it, undoubted 
exceptions occur which, they are not enough invalidate 
the hypothesis whole, indicate that should regard 
general approximation. Additional confidence this 
view was, however, given the discovery first all that 
various derivatives 4-aminostilbene possess such inhibitory 
properties par excellence, and only later that these com- 
pounds are, fact, endowed with carcinogenic properties 
exceptionally interesting kind—an association which 
would seem more than one chance alone. 

Many other workers from time time have also regarded 
the malignant cell representing new race strain, and 
discontinuous and irreversible somatic variant (Hauser, 
1903 1926). 
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the first study the action the carcinogenic hydrocarbons 


The main interest the present argument the hint 
gives the origin such variants—that cancer cells arise 
and commence their career proliferation adaptation 
conditions which impair the growth normal cells. Here 
again the conception means new, and remarkable 
how one other expression recurs again and again 
throughout the whole literature. Thus Minot (1889), who 
was among the first study the progressive decline the 
rate and power growth from the beginning the end 
life, maintained that the retardation growth accompanying 
senescence the stimulus which inaugurates discontinuous 
growth proliferation. interference with growth 
essential prelude tumour-formation, not surprising 
that tumours arise growing essentially, and only 
comparatively rarely from obsolete obsolescent structures, 
from highly specialized organs the heart and large 
vessels, voluntary muscles and This too has been 
long recognized, for example, Roger Williams (1908) 
and this peculiarity that their comparative 
immunity from tumour growth may ascribed. The 
growth cancers, like discontinuous growth general, 
the decline growth the body general, and 
especially the particular local tissues. while the 
forces growth, development and reproduction are greatest 
activity—during the périod pre-natal life, infancy, childhood, 
adolescence and even adult age—the tendency this disease 
comparatively small. both sexes, begins great 
frequency the post-meridian period. Thus ,the tendency 
waxes, the developmental and activities 


development are apt arise, and growth tends become 
discontinuous.” 


Adaptive variation relation the origin tumours 
has also been described many other authors (e.g. White, 
1913), and Bang (1928) was among the first recognize that, 
since the cancer cell arises from the normal cell, its behaviour 
must considered relation its environment, pointing 
out that most carcinogenic agents probably act injury. 
Lewis (1935) also suggested that malignant cells are new 
cellular types species derived from normal cells which have 
been altered environmental influences agents one 
sort another, and Béclére (1934, 1936), discussing the 
réle radiation carcinogenesis, opined that slow 
destruction the activities the cell, rather than direct 
excitation its growth-capacity, that terminates malig- 
nancy. Wolbach (1936, 1937), attempting ascertain 
what processes are initiated carcinogenic hydrocarbons 
prior the development tumours, apparently regarded 
primary action destructive 

evidence was found support theory that any one 
chemicals employed owes its carcinogenic property 
direct stimulation cell growth.” 

Similarly Witts (1936), discussion neoplasia the 
blood-forming organs relation toxic agents such 
benzene, rays and radium, referred the question 
whether arrest the normal development the cells does 
not sometimes lead the uncontrolled proliferation 
leukaemia 


Carcinogenesis and Cellular Nutrition 


Still deeper insight into the mechanism carcinogenesis 
has been gained the application biochemical contrast 
purely physiological methods. Boyland (1932) was among 
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and there now vast literature which many ways 
suggests that the damage produced the carcinogen the 
normal cell may correlated with enzyme poisoning, and that 
the resulting cell-adaptation, which call malignant change, 
may reflected the appearance newly developed 
enzymes upon which the newly acquired growth- 
properties may possibly depend. 

One the most remarkable developments cancer 
research the past few years has been the recognition that 
the carcinogenic action azo compounds, and particularly 
dimethylaminoazobenzene, greatly influenced the 
diet (Mori Nakahara, 1940; Mori, Sugiura, 1944) 
and especially dependent upon its content protein, and the 
great bulk such enzyme studies has been carried out with 
this exceptionally favourable material. Rhoads (1940, 
1942a, 1942b) and Rhoads Kensler (1941), study the 
induction hepatic cancer administration dimethyl- 
aminoazobenzene rats taking diet brown rice and 
carrots, found that supplementing this diet with yeast- 
liver-extract adequate amounts completely prevented the 
development tumours, the protective factor being none 
the constituents the vitamin-B complex then described. 
The effect feeding the carcinogen animals taking the 
unsupplemented diet was inhibition the activity 
least two enzyme systems, cocarboxylase and cozymase, thus 
producing what these authors considered conditioned 
secondary deficiency disease. the other hand, the 
development the mutation which characterizes the malignant 
cell was accompanied the appearance oxidizing 
system insusceptible the inhibitory effect the toxic 
metabolic products the carcinogen, and Rhoads and 
Kensler looked their results the first demonstration 
that cancer tissue evoked chemical carcinogen possesses 
oxidative system immune the inhibitory action that 
carcinogen its metabolic 

have already seen that the emergence malignant 
tumour has many analogies with discontinuous variation 
bacteria, and there little doubt that the phenomenon— 
probably account its fundamental and general nature— 
has features common with such processes 
rough variation bacteria, and with acquired drug-fastness 
bacteria and similar conception has lately 
been formulated Lederberg (1946), the basis the 
studies Beadle, Tatum and others the genetic control 
biosynthetic reactions the fungus Neurospora. Since 
field strains Neurospora will grow media containing only 
sugar, salts and biotin, concluded that the fungus 
capable synthesizing all other essential metabolites. 
the result mutation single genes, the capacity for 
synthesis different compounds (e.g. leucine) may 
lost—a process which possibly accounts for the differenti- 
ation and nutritional requirements higher forms: 
obvious that the growth the modification 
Neurospora would necessarily regulated the concentra- 
tion leucine available externally. 
however, gene-mutation may once again lead the capacity 
synthesize such metabolite, and Lederberg therefore 
correlates normal tissue cells with culture 
Neurospora, and the malignant cell with variant having 
newly acquired re-acquired capacity synthesize 
essential metabolite otherwise only available regulatory 
amounts, 

The present writer has very recently encountered remark- 
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able effect the naturally-occurring pigment xanthopterin 
uropterin) upon the kidney the rat, which extremely 
reminiscent similar mechanism. Administration this 
compound induces increase kidney-size due very largely, 
not entirely, direct stimulation mitotic activity 
and cell-division the tubule epithelium. The effect appears 
highly specific and automatically reversible—almost 
certainly when the administered xanthopterin has been 
excreted. Although great deal necessary investigation 
has still completed, this situation highly suggestive 
device which the normal growth and occasional hyper- 
trophy the kidney may completely regulated and 
controlled, its dependence upon essential factor which 
the organ unable synthesize and which must supplied 
from elsewhere. this mechanism should fully sub- 
stantiated, clear that two further questions will arise, 
one affecting its general validity, and the second concerning 
its implications for the origin tumours. 

possible that the co-ordinated growth all the normal 
similarly depends upon the supply essential and 
specific growth-factors, the chemical variety which may 
reflect the chemical basis cellular differentiation? so, 
may the chemical carcinogens first all impede the growth 
and protein synthesis normal cells restricting the 
utilization access such essential such 
case, may yet able correlate the new and adaptive 
growth-properties the cancer cell, and especially its power 
continued and unregulated growth, with the acquisition 
genetic property synthesize essential growth-factor, 
factors, previously supplied from external source this 
view, the transformation from normal malignant would 
represent change from fastidious comparatively- 
exacting cell variant which unexacting and self- 
sufficient, and the autonomy the cancer cell, which has 
long been known its chief attribute purely biological 
grounds, would receive its explanation terms cellular 

The past fifteen years have seen enormous advances our 
understanding the specific nutritional requirements 
bacteria, protozoa and fungi, the extent which they are 
dependent upon inherent synthetic capacities the one hand, 
and the supply preformed metabolites the other, and 
the ways which these properties may altered 
environmental changes and induced mutation. 
cation has already been given that these principles have 
relevance for biology far transcending their application 
unicellular and freeliving organisms alone, and have seen 
how they are not merely suggestive but practical value 
increasing our comprehension the analogous situation 
the origin cancer. They also point the way the next 
stage, namely, systematic investigation the specific growth- 
requirements malignant cells, comparison with those 
their normal prototypes, vitro. such investigation 
certain gain immeasurably from the experience already 
accumulated from nutritional studies protists and fungi. 


Energetics the Malignant Transformation 


Possibly the most striking single feature the cancer cell 
its high stability, shown the manner which its 
newly-acquired properties are transmitted and maintained, 
quite and with sign reversion, the course 
serial transplantation. From this clear that, once 
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given carcinogen has effected the malignant transformation, 
its continued presence longer necessary for the subse- 
quent autonomous growth the tumour. many ways 
the processes cell division are reminiscent chain 
reaction self-propagating mechanism which varies the 
degree control which subject, and may that 
the new configuration properties which distinguishes the 
malignant cell from its normal precursor can expressed 
terms different energy-level. Highly suggestive 
such relation the ease with which the normal cell may 
converted into malignant form, contrast with the 
impossibility (thus far) effecting change the reverse 
direction. also the greatest significance that, while 
the normal and malignant cell-types have their own levels 
stability, and are therefore discontinuous their properties, 
transition from the former the latter way inter- 
mediate forms high Berenblum (1947)* and 
others have shown how carcinogenesis the skin proceeds 
from the normal epithelium first early non-specific 
hyperplasia, secondly specific pre-neoplastic hyperplasia, 
and then the emergence papillomata, and how later 
stages can recognized the progressive growth such 
their conversion into carcinoma, and the 
uncontrolled growth the latter. While the earlier stages 
this sequence may reversible (even some cases the 
extent regression and disappearance warts when the 
carcinogen withdrawn), the later steps are quite irreversible, 
and take place equally well whether exposure the carcinogen 
continued not. 

Considerable interest the energy relations underlying 
such changes has been evoked Schrédinger’s recent 
account (1944) quantum theory relation biology and 
genetics. Schrédinger was led, from study the high 
degree permanence and durability the gene material 
one hand and its discontinuous mutation the other, 
suggest that such phenomena may explained terms 
quantum theory, and that mutations may fact due 
quantum jumps the gene molecule. The high degree 
permanence the gene material has corollary the com- 
parative rarity mutation, but the so-called natural rate 
can increased high multiple irradiation with 
rays gamma rays, the mutations produced differing 
way, save their number, from those that occur spon- 
taneously. And there energy relation 

experiments X-ray-produced mutations give the 
impression that every particular transition’, say from the 
normal individual particular mutant, conversely, has 
its individual X-ray coefficient indicating the percentage 


the offspring which turns out have mutated that 
way, when unit dosage X-ray has been applied 


then recapitulated the laws governing the 
induced mutation that the increase exactly propor- 
tional the dosage radiation, and that the coefficient 
increase remains unaffected wavelength provided that 
the same dosage, units, applied. Mutation appears 
similar process, occurring within some critical volume the 
cell. For the size this critical volume, 
followed Delbriick (Delbriick, Timofééff Zimmer, 1935), 
who arrived approximate size only ten average 
atomic distances cubed, comprising therefore 1,000 atoms. 
That such group atoms much too small display 
exact statistical laws, and conform and 
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classical physics, contrast with the known permanence 
and stability the gene material, but Schrédinger’s view 
the explanation wholly supplied quantum theory. 
While body the large scale changes its energy con- 
tinuously, sufficiently small system bound its very 
nature possess only certain discrete amounts energy 
peculiar energy-levels), and the event transition from 
one state another the quantum jump. the second state 
configuration has the greater energy higher level 
the system must supplied from outside with least the 
difference the two energies make the transition possible. 
lower level may change spontaneously, emitting the 
surplus energy radiation. 

This conception requires amended for those cases 
which free passage between two levels may obstructed, 
even from higher lower level. There are spontaneous 
transitions from one state towards another, when the two 
configurations are not neighbouring, and transition can take 
place only over intervening configurations that have 
greater energy than either them. Most significant, such 
isomeric transitions are those the greatest importance 
for biology 

Transitions with threshold interposed between the initial 

and the final state are entirely uninteresting, and that not only 

our biological application. They have actually nothing 
contribute the chemical stability the molecule... 

They have lasting effect, they remain unnoticed. For, when 

they occur, they are almost immediately followed relapse 

into the initial state, since nothing prevents their return.” 

These relations once recall the familiar and similar 
distinctions between fluctuating and permanent biological 
modifications, between variants that are irreversible and 
those that return the parent form with greater lesser 
ease. For all practical purposes, the origin cancer the 
outstanding example irreversible cell variation. does 
not however follow that this necessarily absolute 
sense, and Fig. shows fashion, after 
the energy-barrier (X) interposed between the 
stable states (normal) and (malignant), with the minimum 
energy (A) required effect the change from energy-level 
level obvious that amounts energy less than 
this minimum will suffice only produce impermanent 
changes which revert the normal. would also appear, 
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Probable energy-barrier (X) 
the transition from the 
the malignant state (see text, and 
energy required effect the change 


theoretically any rate, that reverse transition from 
malignant normal may achieved the application 
minimum amount energy, greater than that required 
change from the higher the lower level how much 
greater, nothing known. addition, the transition from 
normal malignant frequently marked not only 
increased growth-rate, but also loss cellular differen- 
tiation. This inverse relation also indicated the figure, 
although far from being either simple invariable. 

interpretation along these lines has almost certainly 
close connexion with other features the mode action 
carcinogens for instance, recent work the metabolism 
not the hydrocarbon itself, even one its metabolites, 
which the proximate carcinogenic agent, but rather the 
energy released during the transformation from one meta- 
bolite another. Here, too, may possibly lie the true 
significance the allegedly characteristic electronic proper- 
ties the carcinogenic molecule. Finally, may provide 
link between the carcinogenic action rays, gamma rays, 
ultra-violet radiation and chemical compounds, that all 
these agents may be, Daudel has suggested (1946b), sources 
carriers energy such form can readily interfere 
with the normal growth the cell. similar argument has 
recently been used Latarjet (1946), from comparison 
between ionization and molecular activation the primary 
action radiations micro-organisms. Highly-ionizing 
radiations the one hand, and ultra-violet radiation the 
other, are found produce lesions similar that impos- 
sible decide, from mere inspection, the nature the 
stimulus which provoked them, and suggested that what 
they perform common deliver the appropriate 
location the cell amount energy sufficient produce 
identical primary effect 

processus libération cette énergie seraient 

différents, mais l’effet primaire serait d’autres 

termes, l’ionisation moléculaire induisent méme 
modification chimique initiale.” 
From all these varied developments would appear are 
gradually approaching understanding cell variation 
terms the energies involved. Although immense 
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remains done, there can doubt the 
profound significance any such achievement, not only for 
the cancer problem but for biology whole. 


Relation the Viruses Chicken-sarcoma 


Any complete solution the mode action, such 
hope achieve the future, must make clear the relation 
between chemical carcinogens and the tumour-producing 
viruses. The beginning modern experimental research 
cancer, the latter part the nineteenth century, coincided 
with the rise bacteriology. From that day until this, and 
very largely for that reason, there has always existed school 
thought which seeks interpret the origin cancer 
due process specific infection. its first phase, this 
belief was based not evidence but intuition, and was 
only later followed deliberate attempts isolate and 
identify the causal agent which was felt—and which 
many quarters still felt—must present. Between 
forty and sixty years ago, this work merely resulted 
depressing catalogue allegedly specific pathogens— 
bacteria, protozoa, yeasts and fungi—and Schaudinn stig- 
matized this period the most melancholy chapter the 
whole history the subject. Nevertheless, the logical 
possibility still remains, and must therefore very willingly 
admitted, that the etiology cancer may some way 
bound with processes infection, and particularly with 
virus infection. 

Nowadays, however, the general thesis rests evidence 
very different kind, dealing particularly with the filterable 
agent sarcomata fowls, which the virus the Rous 
chicken-sarcoma the best known example, with the milk 
factor involved the causation breast cancer mice, and 
with Shope’s papilloma virus the rabbit. 

the other hand, and opposed any general infective 
theory causation, the school which senses that the 
neoplastic change has its very nature something funda- 
mental biology, that kind change which almost 
every type cell nature liable appropriate circum- 
stances, and that far more profound than could depend 
upon infection the bacteriological meaning, independent 
and specific parasitic micro-organisms. Thus, the great mass 
fact shows that processes infection the natural history 
cancer are exceptional (that is, far know), and not 
likely indispensable feature the induction 
tumours. Contrariwise, already have the certain means 
producing great variety experimental tumours will, 
the chemical carcinogens, circumstances which assuredly. 
not require usto introduce the conception ubiquitous 
virus, 

The fascination the present situation that there 
difference opinion the facts themselves. There 
debate concerning the remarkable properties the chemical 
carcinogens, there question that agent transmitted 
the milk, mice high liability mammary cancer, 
which largely determines the incidence the 
subsequent generations, there denying the causation 
the Rous tumour virus-like agent. Differences arise 
only over the interpretation these phenomena, which 
some seem mutually incomprehensible, and even 
But one these facts can invalidate any 
other, and must therefore our purpose not foster 
antithesis between one school and another, but seek 
synthesis. 
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The filterable agents the avian sarcomata are submicro- 
scopic particles extractable from the cells such tumours, 
the Rous agent being the most familiar example. Tumours 
arising after inoculation this and similar agents are derived 
from infection the corresponding normal cells the 
recipient host, and the salient features this action are, 
first, that conversion the normal cell the malignant form 
may take place once (in contrast the action the 
chemical carcinogens), and, secondly, that the new tumours 
induced usually conform the minutest detail with the 
growth from which the agent was obtained, and usually 
continue their turn produce further large amounts 
the specific virus. From immunological experiments (Amies, 
Carr Ledingham, 1940) the Rous agent appears contain 
(in addition specific antigen) second antigen which 
also present normal fowl-tissue. This remarkable sero- 
logical property, coupled with intense specificity, and the 
apparent absence any epidemiology whatever, have 
always supported the conclusion that the Rous and allied 
agents arise intrinsically. 

approaching this matter, seems that there likeli- 
hood whatever success restrict ourselves the tradi- 
tional methods bacteriology cancer research alone. 
The net must cast much wider, and advances are fact 
already being made general cell-physiology, usually without 
any direct reference cancer viruses, which 
great attention and which offer the prospect elucidating 
some least these problems. These advances now con- 
stitute nothing short revolutionary view the importance 
the cytoplasm, distinct from the nucleus, cellular 
growth and heredity pointing directly conception 
genetic determinants located the cytoplasm, they are the 
greatest interest students cancer who had been inde- 
pendently considering the possibility, for other reasons, that 
malignancy due alteration not necessarily restricted 
the nucleus, but affecting the cytoplasm well (Haddow, 
1944), 

Perhaps the most apposite case that described Sonne- 
born (1943), what must regarded one the most 
significant biological papers the past ten years. Sonneborn 
studied two heritable characters known killer” and 
physiological situation that fluid which the killer race 
has lived kills individuals the sensitive races, and that when 
pure races the two types are crossed, the killer clones are 
found derive their cytoplasm from the killer parent, and 
the sensitive clones are those with cytoplasm derived from the 
sensitive parent. This phenomenon was next shown 
Sonneborn not merely case cytoplasmic inheritance, 
but due the continued cytoplasmic sub- 
stance under the influence single gene known The 
law governing this relationship was defined follows 


Addition the cytoplasmic determinant organism 
lacking the character depentient it, but containing the 
required gene, results the continued production the 
cytoplasmic substance, the development the character 
determined the combined presence gene and cytoplasmic 
substance, and the hereditary maintenance the character 
successive. generations.” 


The parallel between this relationship the one hand, and 
the propagation the Rous sarcoma virus the other, 
certainly remarkable, the assumption that the Rous agent 
may indeed particle derived from located the 
cytoplasm—in other words, that For 
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this view there point fact good deal support from 
the physical and resemblances between the Rous 
agent and the sub-microscopic microsomes Claude (1938a, 
1938b, 1939, 1943a, 1943b), which are normally found the 
cytoplasm. 

then admit that this may reasonable and sugges- 
tive hypothesis, Sonneborn’s law may paraphrased for 
the special case the Rous virus somewhat follows 
Penetration the mutant plasmagene into the cytoplasm 
susceptible normal cell—that is, cell which lacks the 
character malignancy which partly dependent it, but 
which contains the required gene—results the continued 
production the cytoplasmic substance, that the virus, 
the development the character malignancy determined 
the combined presence gene and virus, and the 
hereditary maintenance malignancy successive cell 
generations.” 

other words, there seem differences funda- 
mental principle, between the activity the Rous agent and 
the behaviour mutant plasmagene, and this suggestion, 
correct, would account for the individual specificity the 
fowl-sarcoma agents, which each transmits the new host 
the characters that particular tumour alone from which 
was obtained. 

Although our eventual aim must correlation, 
complete between all the available facts, only 
within the past year two that have had any inkling 
the way which this might achieved. have already 
considered, firstly the association between the property 
carcinogenicity and the capacity chemical carcinogens 
produce rather characteristic type interference with 
normal growth, and secondly, the working hypothesis which 
then emerged, that the chemical carcinogens might operate 
producing interference with growth, kind which 
the cells could adapt themselves only irreversible 
differentiation, which would automatically confer upon the 
new cell-strain (that is, the induced tumour) permanently- 
increased rate division. 

Quite recently, Elson (Elson Warren, press) has found 
that this initial inhibitory action the chemical carcinogens 
can greatly reduced, even prevented, diet sufficiently 
rich Particularly since was known that 
the experimental production cancer the various 
azo compounds could similarly again even 
prevented, administiation high proportion protein 
the diet (v. supra), are beginning consider whether 
the initial action the carcinogenic hydrocarbons and other 
chemical carcinogens may not inhibit growth 
depleting the cellular protein, rendering unavailable, 
possibly interfering with its normal synthesis, that the 
eventual emergence the may achieved 
through irreversible modification protein synthesis, 
and that this which underlies the unregu- 
lated and permanently-enhanced capacity for growth. 

Starting from entirely different approach, Crabtree 
has also found tempting speculate that dis- 
turbance enzyme function could lead, through the forma- 
tion carcinogen-enzyme complex and cellular adapt- 
ation, the emergence new type protein with auto- 
synthetic Bearing mind the physical and 
chemical similarities between the Rous agent and the non- 
infective particles, may that the filterable agent 
chemical variant normally-occurring particle, produced 
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through the action chemical carcinogen? Certainly, 
this view can provide explanation the comparative 
rarity cell-free transmission tumours generally, but there 
is, the other hand, reasonable probability that elucidation 
the nature the Rous virus would furnish important 
principles applicable cancer whole. This would 
certainly seem the opinion Potter (1945), who from 
purely biochemical evidence has suggested that the uncon- 
trolled growth cancer may the result competitive 
interference between two autosynthetic proteins—one 
normal enzyme protein and the other modified form which 
could arise spontaneously from mutation, produced 
the action carcinogenic chemicals, introduced 
preformed virus. 

all these varied possibilities, are constantly reminded 
the point which Stanley (1939) originally drew attention 
the case the plant viruses, that the influence such 
viruses can likened that normal agents already 
present. other words, the notion that the avian-tumour 
viruses are intrinsic origin may related with the view 
that many the plant viruses are autocatalytic proteins 
ultimate host-cell There further aspect the 
general problem which may prove wider significance than 
any far mentioned, namely, the relation between plasma- 
genes and cellular differentiation (Rhoades, 1943). has 
long been one the puzzles biology that, while all the cells 
organism presumably have the same genetic constitution 
their nuclei, they nevertheless show wide morphological 
and physiological differences. These differences might 
due variations tissue environment, but this not the 
whole explanation, since many cells retain their main 
characteristics, any rate part, when they are transported 
transplanted another part the organism. now 
possible suggest that cellular differentiation this kind 
may determined genetical particles the cytoplasm. 
The production different characters cells with the same 
nuclear genes would thus brought about differential 
segregation those cytoplasmic determiners cell division. 
the differentiation and rate growth both normal and 
malignant cells are controlled particulate determinants 
the cytoplasm, may that the Rous agent functions 
imposing decreased level differentiation, and hence 
increased rate growth, upon the normal cell which 
attacks 


Nothing can more remarkable than the way which 
these different trends and developments, some arising from 
cancer research itself and others from advances biology 
generally, are gradually producing unified picture place 
the two contrasting interpretations the genesis cancer. 
The ultimate solution the origin tumour viruses will 
doubt expressed terms enzyme and protein 
chemistry, new sort taxonomy which will doubtless 
require the powers chemical Linnaeus and modern 
Darwin But already appears that all these 
varied findings are irreconcilable only the narrow view, 
and that there real prospect deeper understanding 
change our viewpoint, and especially broaden it. 
Only this way can hope follow the sequence 
whole, and piece together all our facts, from wherever 
they come, 
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experimental studies tumour production, important 
information sometimes obtained testing the action 
carcinogen combination with some other (physical 
chemical) external agency. When the added treatment causes 
augmentation tumour production (i.e. higher yield 
tumours shortening the latent period), called 
cocarcinogenic action; when the result inhibition 
tumour production, called action. 
Though the term seems first sight 
unambiguous, the need for careful definition becomes 
apparent when the subject examined more closely. 

For instance, liver-tumour production rats, resulting 
from prolonged administration p-dimethylaminoazo- 
benzene, occurs more readily when the diet supplemented 
with biotin fat, and less readily when supplemented with 
riboflavin and debatable whether one should 
regard the biotin and fat cocarcinogenic, and the riboflavin 
and casein anticarcinogenic, whether would not 
more logical regard deprivation biotin and fat anti- 
carcinogenic, and deprivation riboflavin and casein 
cocarcinogenic. any event, the conditions operating with 
remote influences via the diet) may different 
from the local application cocarcinogen the site 
tumour production. Hence, the avoidance the term 
for dietetic influences, and the substituted 
use such term (Du Vigneaud, 
Spangler, Burk, Kensler, Sugiura Rhoads, 1942) seems 
fully justified.* 

similar difficulty arises connexion with the effects 
solvents carcinogenic action. has been shown, for 
instance, that sarcoma production mice occurs more 
readily with benzpyrene dissolved olive oil than when 
mouse-fat the solvent (Peacock Beck, 1938). Here again, 
the mouse-fat might regarded anticarcinogenic (if the 
olive-oil series considered the control), alternatively, 
the olive oil might regarded cocarcinogenic (if the 
mouse-fat series considered the control). fact, 
probably neither term justified, since the influence the 
solvent carcinogenesis may due modifications the 
rate absorption and elimination the carcinogen, rather 
than direct effect the tissues. solvent may never- 
theless prove true cocarcinogen, augmentation 
tumour production can demonstrated administering 
the solvent and the carcinogen separately, over different 
period 

(See article in this number by J. W. Orr (BMB 975).—Ep.] 

Note: The term * * procarcinogenic ” , as applied to dietetic factors, must not 
be with “ precarcinogenic Stage in the process of carcinogenesis, 
as described below. 

* [A more detailed consideration of anticarcinogenic action and of solvent 


effects on carcinogenesis will be found in the reviews by Crabtree and Dickens, 
respectively, in this number (BMB 966 & 967).—Ep.] 
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For the purpose the present review, cocarcinogenic 
action may defined augmentation tumour produc- 
tion, resulting from direct, local effect tissue. 


Cocarcinogenic Agents 


The earliest demonstration cocarcinogenic action was 
concerned with scarification the skin, Deelman (1923) 
claiming that such treatment facilitated tar carcinogenesis. 
What more generally described the Deelman effect 
arose under conditions more severe scarification (or with 
actual incisions the tarred skin), the subsequent tumours 
showing tendency become localized close the healing 
healed wound (Deelman, 1924; Deelman van Erp, 
1926). Though several subsequent investigators failed 
confirm these results, more recent work provides adequate 
confirmation (especially the localization-effect) both 
mice (Pullinger, 1943, 1945a, and rabbits (Rous Kidd, 
1941; Mackenzie Rous, von Meyenburg Fritzsche, 
1943 Friedewald Rous, 1944a, b). similar localization- 
effect was observed the margins areas freezing 
tarred skin mice (Berenblum, 1929). Using continuous 
form mechanical irritation (sandpapering) subsequent 
period tarring, Ludford (1929) failed observe 
augmentation carcinogenesis mice, but more recently, 
with dibenzanthracene carcinogen and stiff brush 
means irritation, Riley Pettigrew (1945) obtained con- 
vincing evidence augmentation. Subcutaneous fibrosis, 
threads placed under the treated skin, also hastened skin 
carcinogenesis mice (Orr, 1934, 1935). 

Many other factors have been tested, from time time, 
for cocarcinogenic action, including the effects heat, 
ultra-violet rays, rays, beta and gamma rays radium, 
and host chemical substances. Early examples 
chemical cocarcinogens include (a) basic fraction creosote 
oil (Shear, 1938; Cabot, Shear Shear, 1940; Sall 
Shear, 1940, who introduced the term 
and croton oil, and its active component, croton resin 
(Berenblum, perhaps the most potent cocarcinogen 
known for the mouse’s skin, though apparently without 
effect the rabbit’s skin (unpublished Yet, 
general, the rabbit seems more responsive cocarcinogenic 
action than the mouse, shown the investigations 
Rous and his collaborators cit.) connexion with 
wound healing, etc. 


Analysis Cocarcinogenesis 


means all irritants elicit cocarcinogenic effect. 
Indeed, some have pronounced anticarcinogenic effects‘, 
while many fail modify the carcinogenic response either 
The accumulating data the literature seemed, 
first, full inconsistencies and contradictions. Some 
these contradictions could attributed different dosages 
used different authors. (Compare, for instance, the 
inhibitory effects large doses radiation (Cramer, 1932) 
with the augmenting effects with small doses (Mottram, 1937), 
and note how the anticarcinogenic chloro-compounds 
studied Crabtree (1941) sometimes produced slight 
cocarcinogenic effects when tested with different concentra- 
tions carcinogens.) 


* [See article by H. G. Crabtree (BMB 966).—Eb.] 
* For detailed reviews on factors modifying carcinogenesis, see Rush, 1944 
and Berenblum, 1944 
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The main source discrepancies arose, however, from the 
complex nature the mechanism cocarcinogenic action. 
This became abundantly clear after segregating the con- 
flicting experimental results according whether (i) the 
irritant and the carcinogen were applied concurrently (i.e. 
true cocarcinogenic action), (ii) the irritant was applied before 
the. commencement application the carcinogen 
(precarcinogenic action), (iii) the irritant was applied after 
cessation application the carcinogen (epicarcinogenic 
action), (iv) the irritant was applied warts already 
established attempt convert these into malignant 
tumours (metacarcinogenic action). 

From such analysis (Berenblum, 1944), transpired that 
while none the irritants influences 
carcinogenic response when applied beforehand when 
tested for precarcinogenic action), many them did augment 
carcinogenesis when applied after cessation carcinogenic 
action manifested epicarcinogenic action), while few 
also hastened conversion malignancy had meta- 
effects). Croton oil, which itself not carcino- 
genic, elicited these effects most strikingly (Berenblum, 
b), though similar results were also obtained with 
mild freezing (Berenblum, 1930), scalding (Des Ligneris, 
1940), radiation (Mottram, 1937), well wound healing 
(Deelman, Pullinger, and others, cit.). All this evidence 
pointed the conclusion that carcinogenesis mouse-skin 
was sequence separate and independent processes, 
which one—the preneoplastic stage hyperplasia—was 
specific response, distinct from ordinary reparative hyper- 
plasia (Berenblum, 1944). 

Somewhat analogous conclusions were drawn Rous 
and his associates, working the effects wound healing, 
and other forms irritation, rabbit skin, using tar 
(Rous Kidd, 1941 Mackenzie Rous, 1941), and later, 
methylcholanthrene benzpyrene (Friedewald Rous, 
1944a, carcinogenic agents. They drew attention 
the marked tendency for induced warts rabbits regress, 
and for the same warts reappear subsequent stimulation 
(e.g. further tarring, wound healing, application 
turpentine, chloroform, etc.). Thus, despite the tendency for 
regression, the cells the induced warts were irreversibly 
different from normal cells. This conception tumour 
existing sub-threshold state, requiring additional aid for 
progressive neoplasia (Rous Kidd, 1941) was, later 
publication (Friedewald Rous, 1944a), formulated 
more positive manner postulating that carcinogenesis was 
composed initiating process, responsible for the con- 
version normal into latent tumour cells, and promoting 
process, whereby these latent tumour cells were made 
develop into actual tumours. 

further development arose out the investigations 
Mottram After confirming the epicarcino- 
genic action croton oil for mouse-skin, Mottram investi- 
refinements the technique, testing the 
effect croton oil association with only single applica- 
tion benzpyrene. This found possible, provided that 
the croton oil was applied several times before, well 
after; the single application the carcinogen. From this 
(and analogy with the response ciliates the action 
carcinogens) concluded that three factors were involved 
the production warts: (i) initial sensitizing factor 

* These published results by Mottram, carried out shortly before his death, 
are based relatively small numbers animals. His interesting conclusions 


must, therefore, be accepted provisionally, awaiting their confirmation by others 
on a more adequate scale. 
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(relatively representing the conversion 
quiescent into actively-dividing cells), (ii) specific cellular 
reaction (the truly specific action brought about 
carcinogen, which, under appropriate conditions, only 
single application may suffice), and (iii) developing factor 
(relatively non-specific, but responsible for the actual 
appearance the visible tumours). 

Since the results Berenblum, Rous and his associates, 
and Mottram, obtained under somewhat different experi- 
mental conditions, and involving different terminologies, are 
closely related, may useful correlate the 
results obtained, and attempt synthesis their respective 
conclusions (see Table I). 


TABLE TERMINOLOGY RELATIONSHIPS 
EXPERIMENTAL CARCINOGENESIS 
Nomenclature of 
Rousetal. | Mottram Berenblum 
Early non-specific) Sensitizing 
hyperplasia factor Precarcino- 
hyperplasia process lar reaction 
Appearance warts Developing Epicarcino- 
Progressive growth 
warts 
specific, 


Conversion warts 


independent Metacarcino- 
into carcinomas 


process; genic action 
named) 


Progressive growth 
malignant tumour 


From the above schematic tabulation, seen that the 
sensitizing factor and the specific cellular reaction Mottram 
are two stages the precarcinogenic action Berenblum, 
while the second (specific) stage Mottram corresponds 
the initiating process Rous and collaborators. The 
latter is, however, more precise concept, since implies 
the development latent tumour cells definite (macro- 
scopically invisible) foci, from which visible tumours may 
ultimately develop. The epicarcinogenic action, the developing 
factor, and the promoting process, again, deal essentially 
with the same phenomenon, namely, the relatively non- 
hyperplasia. the three, the promoting has, 
again, the most precise meaning, since implies action 
macroscopically invisible, latent, tumour cells, instead 
referring effect the preneoplastic hyperplasia 
whole has, the same time, wider connotation, since 
includes influence the progressive growth the 
induced warts. Metacarcinogenic action not included 
the other schemes defined entity (though its existence 
admitted implied); and regards the progressive growth 
established malignant tumours, all are agreed that 
extraneous influence required for its maintenance. 


Continued foot page 345 
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comprehensive definition anti-carcinogen would 
include any factor, intrinsic extrinsic, which delays 
prevents the emergence malignant characters any 
tissue any species organism. Within given species 
these opposing factors range from the natural biological 
background the host, that is, its genetic, endocrine and 
metabolic constitution, the many varieties interference— 
dietetic, hormonal, chemical physical—imposed 
aboratory experiments. 

The net result any given experiment reflects the inter- 
play systemic and local responses and their mutual 
influences are difficult disentangle. Genetically pure 
strains mice may react uniformly single influence, 
e.g. C3H mice the milk factor”, but exhibit wide 
variation susceptibility chemical carcinogen. 

Conscious the diversity these determinants both 
carcinogenic and anti-carcinogenic action, workers the 
field anti-carcinogenesis pursue two objectives. Firstly, 
elucidate possible rational modes controlling the 
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These trends seem represent true advance our under- 
standing the mechanism carcinogenesis, the biological 
approach having succeeded carrying the problem further than 
seemed possible purely morphological approach. 
recent work (Pullinger, 1940; 1941) does indicate specific 
histological changes the skin the early stages treatment 
with carcinogens, while more recent cytological studies 
Cowdry and his school (Cowdry, 1945), Gliicksmann 
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development cancer, with preventive chemotherapy 
distant aim, and secondly, glean information the 
specific cell-changes which culminate malignancy. Several 
hundred synthetic carcinogens wide variety chemical 
types are now available and case the mechanism 
action understood, though recent years few clues have 


emerged. 


INHIBITORS THE INDUCTION SKIN-CANCER 


References investigations 1944 can found 
several general reviews cancer research (Cook, Haslewood, 
Hewett, Hieger, Kennaway 1937; Cook 
Kennaway, 1938, 1940; Dickens Dodds, 1940; Burk 
Winzler, 1944 Greenstein, Berenblum, 1944; Rusch, 
1944; Furth, 1944). 

Berenblum (1944) has summarized the experimental work 
chemical and physical agencies which retard, accelerate 
leave unaffected the carcinogenic action tar and poly- 
cyclic hydrocarbons. Variable degrees inhibition have been 
produced mustard gas and few its oxidized and 
substituted derivatives, cantharidine, heptalde- 
hyde, phenolic fraction tar, simple substances containing 
labile halogen atom, p-thiocresol and strong sunlight. 
Some more-recently described inhibitors may recorded 
here. Mottram (1945) showed that was 
more active when painted mouse-skin midnight than 
midday. The startling claims Maisin (Maisin, Pourbaix 
Caeymaex, 1938) that certain organic peroxides, when 
injected high dilution mice skin-pairted with 
pyrene, profoundly checked tumour induction have been 


(1945), and others, suggest possibilities further correlating 
morphological and biological aspects carcinogenic action. 

Finally, attention may drawn the practical implications 
(i.e. relation tumour development man) arising from the 
demonstration that number relatively non-specific irritants 
rendered preneoplastic, though incapable inducing tumours 
their own account. 
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discounted Belkin (1942), who repeated this work 
large scale and found effect whatsoever the normal 
genesis induced and spontaneous tumours. Twort Lyth 
(1944) used colloidal preparation (active constituents, 30% 
tetrachlor ethylenum 10% oleum pini) and demonstrated 
retarding effect tumour induction tar, 4-benz- 
pyrene similar that produced their 
lanolin/olive-oil ointment. Crabtree (1940) chose series 
chloro-compounds graded with respect the reactivity 
their chlorine atoms and found parallel effectiveness 
opposing the carcinogenic action 4-benzpyrene and 
variety acid chlorides, 
bromobenzene, unsaturated acids and the mercapturate- 
forming hydrocarbons naphthalene, anthracene and phenan- 
threne all proved potent inhibitors (Crabtree, 1944; 
1946). 

Lacassagne, Buu-Hoi Rudali (1945) applied methyl- 
mice, together with certain structurally related but non- 
carcinogenic compounds, and recorded slowing the rate 
tumour induction this device. Various aldehydes have 
been used conjunction with carcinogens. Riley Wallace 
(1941) and Riley Pettigrew (1944) injected propionaldehyde 
glyceraldehyde into mice and noted delayed sarcoma 
production Carruthers (1940), guided the work Strong 
(1941), found pure heptaldehyde effective 
painted methylcholanthrene; Crabtree (1945), however, 
produced negligible inhibitions 4-benzpyrene activity 
with series lower aliphatic aldehydes applied 
concentration, 

basic standard reference available permit 
evaluation the relative potencies the various inhibitors 
listed above. Within limited group anti-carcinogens, 
e.g. the chloro-compounds used Crabtree (1940), degrees 
activity may discerned when the experimental technique 
and mode administration are standardized. Even 
qualitative basis difficult conceive any property 
common all the inhibitory agencies. 

Berenblum (1944) has analyzed the available data terms 
possible relationship between irritation and carcino- 
genesis, but finds this conception seeking 
for more specific biochemical basis for anti-carcinogenic 
action, attempts have been made correlate the power 
checking tumour induction with that damaging special 
metabolic processes. Berenblum, Kendal Orr (1936) 
measured the effect mustard gas and allied compounds 
cell glycolysis, but found simple relationship between this 
type activity and anti-carcinogenic power. This may well 
have been due technical difficulties arising from the 
varying solubilities and differing rates hydrolysis the 
substances tested. Crabtree (1941) found that series 
acid chlorides inhibited both cell glycolysis and tumour 
induction, but attributed the former the liberation 
the medium used for measurement, i.e. the glycolytic 
checking was non-specific and irreversible. Yet group 
non-hydrolyzing chlorine compounds, graded with respect 
the lability their chlorine atoms, showed anti-carcino- 
genic potencies the same order their powers reversibly 
inhibiting glycolysis (Crabtree, 1940). 

All these halogen compounds could act another way, 
through condensation with SH-containing cell-components, 
thus impairing enzyme systems dependent intact 
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SH-groups for their proper functioning. test this possi- 
bility, other substances were chosen which could disturb 
S-metabolism chemical mechanism different from that 
which operates glycolytic inhibitions. Bromobenzene has 
effect glycolysis its halogen atom being 
relatively unreactive. When fed animals metabolized, 
presumably the liver, and excreted the urine mercap- 
turate. Applied mouse-skin, marked fall the gluta- 
thione level this tissue ensues, indicating that detoxication 
can take place the skin itself. conjunction with carcino- 
genic hydrocarbons proved notably anti-carcinogenic 
(Crabtree, 1944). 

Another class chemical compounds, typified the 
unsaturated maleic and citraconic acids, form addition- 
products with SH-containing molecules. These also disturbed 
the S-metabolism mouse-skin fixation glutathione, 
and strongly opposed carcinogenic action (Crabtree, 1945). 
The antagonizing effect heptaldehyde skin-tumour 
induction methylcholanthrene described Carruthers 
(1940) could probably attributed similar interference 
with S-metabolism, since aldehydes, under appropriate con- 
ditions, combine additively with SH-compounds, though the 
products are readily dissociable. 

investigations into the possible utilization sulphur for 
the elimination carcinogens, negative results were obtained 
with carcinogenic hydrocarbons when injected into rats 
Elson, Goulden Warren (1945) painted mice 
Crabtree (1946), though anthracene and 
phenanthrene, similarly applied, caused urinary mercap- 
turate excretion. was shown that each these hydro- 
carbons, detoxicated the skin, effectively checked the 
carcinogenic action 3:4-benzpyrene and 
dibenzanthracene (Crabtree, 1946). The inhibitions produced 
structurally allied the carcinogens 
(Lacassagne 1945) may operate through similar 
mechanism, though the authors ascribed their findings the 
possible competitive action between two substrates for the 
same enzyme. 

These four classes chemical substances would appear 
possess only one common property when contact with 
living cells, namely, that checking S-metabolism. There 
direct evidence that sulphur plays any part the detoxica- 
tion carcinogens, yet interference with S-metabolism tends 
oppose the mechanism carcinogenic action. Without 
referring the unanalyzed complexities the biochemistry 
growth, these facts are most simply reconciled the 
assumption that the carcinogenic hydrocarbons, probably 
oxidized condition, become fixed SH-containing ceil- 
constituents, and that inhibitors S-metabolism antagonize 
this process preferential combination. tempting 
speculate that disturbance enzyme function through the 
formation carcinogen-enzyme complex could lead, 
cellular adaptation, the emergence new type protein 
with autosynthetic properties. The hypothesis Potter 
(1943) postulates that such abnormal protein may arise 
many ways and endow the cell with new characters which 
manifest themselves uncontrolled growth. 

The work Weigert Mottram (1946) the metabolism 
4-benzpyrene, the aid fluorescence spectra, has 
shown that series compounds can 
identified between the hydrocarbon itself and the final 
oxidized derivatives which are excreted. These intermediates 
contain radicals derived from unknown and 
may conceivably represent the true carcinogens. The 
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coupling may well involve SH-groups, and recalls the surmise 
Wood Fieser (1940), based considerations the 
special chemistry 4-benzpyrene, that such fixation 
may initial stage the carcinogenic process. 


NUTRITIONAL FACTORS ANTI-CARCINOGENIC 
AGENTS 


Inhibitors Liver-cancer Induction 


Two the most potent and widely investigated azo- 
carcinogens are 4’-amino-2 3’-azotoluene and N:N-dimethyl- 
p-aminoazobenzene. They were discovered the Japanese 
workers Sasaki Yoshida (1935) and Kinosita (1937), who 
also studied the influence diet hepatoma development, 
and isolated some the products excreted their molecular 
breakdown. The many confirmations and extensions this 
work Britain and USA are reviewed Kirby (1945) and 
Morris (1945). These carcinogens, because their simple 
chemistry and easy accessibility, seem particularly suitable 
for the investigation the metabolic changes preceding 
malignant transformation. 

They are more selective their action than the carcinogenic 
hydrocarbons, producing predominantly hepatomas and 
cholangiomas when fed injected into rats mice. The 
tumours arise most readily animals receiving nutritionally 
incomplete diet, and the induction process can hampered 
prevented variety dietary supplements. Cancer 
research has revealed nothing more arresting than the 
protective action normal food-constituents azo- 
carcinogenesis. 

The exact nature the metabolic deficiency which favours 
tumour induction cannot simply formulated, since wide 
range dietary additions prove compensatory.? Substitution 
rice, first used the Japanese, other grains, 
wheat, rye millet, lowers tumour incidence and extends the 
latent period. Inhibition has also been achieved the 
incorporation rice-bran, yeast, liver, casein 
casein B-vitamins, dried whole milk the basal 
cancer-promoting diet rice and carrot, synthetic 
equivalent. Three members the B-group vitamins have 
been shown exert characteristic, but different, influences 
azo-carcinogenesis. proved inhibitory, particu- 
larly when fed with additional protein (Miller, Miner, Rusch 
Baumann, 1941; Miner, Miller, Baumann Rusch, 1943). 
the other hand, pyridoxine seems act the opposite 
way; hepatoma development greatly retarded its 
absence, but the incidence augmented increasing 
amounts are fed (Miner 1943). Biotin supplements 
have been shown stimulate tumour induction, and this 
effect can annulled avidin, supplied egg-white, which 
inactivates the biotin (Du Vigneaud, Spangler, Burk, Kensler, 
Sugiura Rhoads, 1942). 

clear that the accumulated data are not amenable 
simple interpretation. The multiple factors which act 
protectively seem rule out the conception single and 
specific nutritional defect which fosters carcinogenic activity, 
the many apparent abnormalities are regarded 
secondary the lowered functioning one key enzymic 
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process. Such considerations have prompted experimenta) 
work the identification the metabolic end-products 
the azo-dyes, and studies their effects isolated enzyme 
systems. 

Aminophenols, p-diamines, and benzidine derivatives 
free and acetylated form, have been After further 
oxidation, the diamines derived from both carcinogenic and 
non-carcinogenic azo-dyes have been shown inhibit the 
activity diphosphopyridine nucleotide system, carboxy- 
lase, urease and succinoxidase. review (1945) 
these phases investigation emphasizes the complexity 
the data, and makes clear that simple correlations have 
emerged between the various degrees inhibitory power and 
the carcinogenic potency the parent dyes. Potter (1942), 
the assumption that quinone the final oxidation product 
and the active agent these inhibitions, attributes their 
action fixation SH-containing enzymes. 


ii. The Anti-carcinogenic Effect Caloric Restriction 


notable contribution the field anti-carcinogenesis 
the demonstration that restricted caloric intake antagonizes 
the genesis tumours. Tannenbaum (1945) has reviewed 
his comprehensive work these lines and discussed its 
possible significance the control human cancer. Briefly, 
has shown that the incidence wide range spon- 
taneous and artificially induced tumours mice may 
delayed abolished when the available calories are limited 
diet deficient carbohydrates but otherwise complete 
all the recognized food essentials. The mice fed are stunted 
growth degree dependent the restriction imposed. 

Profound endocrine atrophy results from this limited 
dietary, and not surprising that, for example, mammary 
tumours fail emerge. The whole animal appears become 
markedly refractory the most active carcinogens, suggesting 
concomitant metabolic derangements great complexity. 
The experiments emphasize the importance the nutritional 
background the host determining cancer susceptibility. 
Indeed, Tannenbaum (1940), moving from mouse man, has 
analyzed the statistics cancer mortality from the records 
insurance companies and unfolded correlation between 
overweight persons and their increased liability cancer. 
advocates lower food-intake measure the control 
human cancer. 


The Anti-carcinogenic Effect Diets Deficient 
Essential Amino-acids 


White (1944) surveys work the lowered incidence 
mammary tumours mice resulting from inadequate amounts 
the essential amino-acids, cystine and lysine, the diet. 
Here the inhibitory action clearly indirect, since the 
abnormal diet initiates progressive suppression ovarian 
function and mammary tissue fails proliferate. 

evident that the time not ripe for comprehensive 
generalizations the mechanisms anti-carcinogenesis, 
would anticipated from our limited understanding ‘of 
carcinogenesis itself. 
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THE CARCINOGENIC RESPONSE 


FRANK DICKENS, M.A., D.Sc., Ph.D., 


Courtauld Institute Biochemastry, Middlesex Hospital 
Medical School, 


The fact now well recognized that the incidence tumours, 
following the solution carcinogenic com- 
pound into animals, greatly dependent the nature 
the solvent. Before the description this phenomenon, 
desirable indicate briefly why has seemed worthy 
detailed study. Any type agent which able exert 
controlling influence upon carcinogenesis obviously 
interest, not only because the possibility exists that the 
investigation such agents may eventually lead more 
generalized control some forms cancer, but more 
particularly because such control may reasonably expected 
shed light the most obscure stage the action 
chemical and other carcinogens, namely the mechanism 
the primary induction the carcinogenic change. 

spite the vast range chemical carcinogens known 
constitution now available, numbering over 200, there 
yet clear common property which they all possess and 
which might considered initiating the process 
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carcinogenesis. the contrary, the available carcinogens 
include, besides the well-known polycyclic hydrocarbons, 
substances such urethane, carbon tetrachloride, sugar 
solutions, and even bakelite discs (Turner, 1941), quite apart 
from viruses and such purely physical agents ultra-violet 
and short-wave radiation, heat and cold. has even been 
questioned have not too many carcinogenic agents, 
rather than any real understanding how any single one 
them acts. 

The reviews and have already 
indicated how the study control the action carcinogens 
may provide hopeful mode approach this outstanding 
problem the primary induction tumours. Among such 
agents, the solvents are particularly worthy study, because 
the types solvent which are quite active this respect 
include naturally-occurring fats and lipids, substances which 
have usually been regarded more less inert, though 
indispensable, components all tissues, these substances not 
being characterized any violent reactivity the ordinary 
chemical sense. 

this respect, therefore, solvents appear different 
category from the reactive halogen-substituted compounds 
studied particularly Berenblum (1929, 1931, 1935) and 
Crabtree (1941, 1944), the unsaturated dicarboxylic acids 
(Crabtree, 1945), the compounds sulphur such the 
sulphydryl-containing tissue amino-acids, believed 
concerned the action these compounds. fact, this 
lack chemical reactivity raises the question whether the 
solvents depend physical chemical characteristics for 
their effects; evidence the importance minor com- 
ponents, tending support predominantly chemical 
explanation, will discussed later. This closely connected 
with the effect the solvent upon the rate elimination 
the carcinogen from the animal body, which has now been 
measured systematically selected series solvents the 
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results leave doubt that very wide variation 
elimination occurs according the particular solvent used, 
and this turn may reflected the suppression 
augmentation carcinogenic power the hydrocarbon, 
although only under otherwise highly favourable circum- 
stances that this property capable providing simple 
explanation the solvent effect. 

From the immediate practical point view, also 
important that these properties various solvents should 
more clearly understood, make effective any 
comparison the activity various carcinogens. For the 
purposes testing such substances, wide variety solvents 
has been used various workers, and their results are 
therefore not readily comparable, and may even mis- 
leading, without such information. 


Mode Administration Carcinogen 


the following account, only the results experiments 
which carcinogenic hydrocarbons were injected subcu- 
taneously into the animal will considered. The effect 
solvents the production skin-tumours discussed 
elsewhere this volume is, however, interesting note 
here that there may profound differences the action 
any one solvent according whether applied externally 
injection. For example, Morton Mider (1940) 
found that whereas fatty extract mouse carcasses 
inhibited carcinogenesis when used solvent for the 
subcutaneous injection into mice, 
similar extract applied the skin mice just before they 
were painted with benzene solution the carcinogen 
yielded increased number tumours. Watson (1935) 
had previously described rats similar effect which 
observed with mixtures pinene tar and rat-tissue extracts. 
Baumann and co-workers (Baumann, Rusch, Kline Jacobi, 
1940) found that cholesterol, when dissolved cottonseed 
oil (though not benzene), definitely stimulated the rate 
tumour production resulting from the painting benzpyrene 
the ears mice. the other hand, painting benz- 
pyrene solution extract mouse carcasses was found 
Morton Mider (1940) give fewer skin-tumours than 
similar solution benzene. 

restricting the present discussion subcutaneous 
administration, good deal confusion will thus avoided 
but the special advantage possessed subcutaneous 
administration lies the fact that the only feasible 
method which permits accurate quantitative analyses the 
amounts carcinogen present any time after the injection, 
well the administration accurately-measured dose. 


Choice Dose Carcinogen for Testing Pro- and 
Anti-carcinogenic Effects 


Many the earlier workers used very largé doses 
carcinogen endeavour ensure high incidence 
tumours, but this procedure quite unsuited for the demon- 
stration pro- anti-carcinogenic effects, since these are 
liable completely masked the excessive carcinogenic 
activity. This fact, clearly recognized Sall Shear (1940), 
led these authors recommend doses the order 0.1 mg. 
suitable amount for subcutaneous injection into the sensitive 
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FIG. 


carcinogen. Data Bryan Shimkin (1943). Subcutaneous 
into Strain C3H mice solutions 0.25 mi. 
tricaprylin 

C=1:2:5 6-dibenzanthracene 
Dosage carcinogen milligrams (upper abscissae) 


log milligrams (lower abscissae). Ordinates incidence 
tumours (%) 


(C3H) strain mice used them for the still more active 
methylcholanthrene, the dose would have reduced 
about 0.02 mg. The mice used the writer give about 
50% cancerous response doses 0.3 mg. 
pyrene injected subcutaneously 0.3 ml. 
solvent solvent here implies one that neither 
promotes nor retards carcinogenesis. This therefore 
convenient dose for tests with these particular mice. Fig. 
adapted from the paper Bryan Shimkin (1943), shows 
the relationship between dose and tumour incidence observed 
them. 

The relationship log dose tumour incidence plotted 
scale probability units approximates straight line, 
probit value and dose 4-benzpyrene log mg. 
Doses between about 0.05 and 0.3 mg. benzpyrene 
within the useful range for tests kind all experiments 
(on mice) with much larger smaller doses are little value 
for the present purpose. 
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Solvents which lead Relatively High Incidence 


For convenience may distinguish between those solvents 
which appear inhibit carcinogenesis and those which 


not, although the distinction means always definite, 


and the same solvent may give variable results the hands 
different workers, for reasons yet mostly undefined. 

Solvents hitherto described yielding high incidence 
tumours even when they have been used for relatively small 
doses carcinogen, include sesame oil (Strong Smith, 
1939), arachis oil (Athias Furtado-Dias, 1938), olive oil 
(Peacock Beck, 1938), paraffin (Dunning, Curtis Bullock, 
1936), several synthetic glycerides (Shimkin Andervont, 
1940), benzene (Murphy Sturm, 1941), and some samples 
lard (Andervont Lorenz, 1937). Cholesterol the 
presence sufficient carcinogen also probably belongs 
this group (Shear Lorenz, 1939; Shear Ilfeld, 1940). 
Many these solvents are mixtures variable composition, 
and the case lard (Shimkin Andervont, 1940) the 
effect carcinogenesis has been shown vary from batch 
batch. Some possible reasons for this will suggested 
later. 


Selvents which Prevent, Diminish, Delay Carcinogenesis 


Certain solvents, mostly complex mixtures, have previously 
been shown exert apparently anti-carcinogenic effect. 
Watson (1935) found that pinene tar mixed with rat-tissue 
extract gave rise tumours subcutaneous injection 
into rats, but mixed with paraffin wax produced sarcoma 
rats. Peacock (1935) had independently reported 
striking differences the carcinogenic activity 
dibenzanthracene injected intramuscularly into fowls: with 
lard, half the animals developed tumours with egg-yolk 
fat,” tumours appeared. More 
recently, Murphy Sturm (1941) have found similar 
experiments that whereas 96% tumours were obtained 
benzene solutions, the local carcinogenesis with lard 
tumours) and chicken fat was much lower; the 
other hand, distant tumours and other indications dispersal 
(liver damage and leukosis) were observed only with the 
latter solvents. 

Results similar those Peacock (1935) were reported 
for mice Peacock Beck (1938), who used this series 
experiments 0.5 mg. given subcu- 
taneously. Whereas the powdered solid substance, its 
few tumours, carcinogenic activity was pronounced when 
the solvent was olive oil, mouse lipoids containing fats and 
mixture olive oil and paraffin. this 
second group, the solvents used tended retained 
the site injection, and also render the absorption 
benzpyrene slower (Peacock Beck, 1938). The solvents 
the former group were regarded producing effect 
tantamount solution the mouse’s own fat. 

Morton Mider (1939) obtained only tumour mice 
which had received subcutaneously 0.25 mg. 4-benz- 
pyrene dissolved light petroleum extract mouse 
carcasses, while the same amount hydrocarbon dissolved 
sesame oil produced tumours mice. 

The striking results Peacock Beck and Morton 
Mider could not confirmed Oberling, Guérin Sannié 
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(1939), Oberling, Guérin (1939), Shimkin 
Andervont (1940). These authors found effect homolo- 
gous fat, from the rat and mouse respectively, tumour 
production carcinogenic hydrocarbons. Shimkin 
Andervont also obtained special effect when liver fat, 
brain fat, abdominal fat, chest fat, fat from the rest the 
body the mouse was used solvent. 

Some the anomalous results can probably excluded 
from consideration merely the ground that the doses 
carcinogen used were too high, has been discussed above. 
Thus Oberling and his associates (1939) and Shimkin 
Andervont (1940) both used very high doses; the former 
25-75 mg. benzpyrene injected into rats, and the latter 
0.5 mg. more the highly active carcinogen methyl- 
cholanthrene into mice. Such doses are already sufficient 
give maximum carcinogenic response and are not therefore 
suitable for revealing anticarcinogenic action, unless very 
powerful, nor could they used detect any procarcino- 
genic effect. 


Use Homologous Solvents 


view these inconsistencies, was decided investi- 
gate the relation solvent carcinogenesis some detail 
(Dickens Weil-Malherbe, 1942). The first points 
cleared were (a) confirmation the anti-carcinogenic 
effect homologous fat, i.e., fat obtained from the same 
species animal, which the experiments Peacock 
Beck, and Morton Mider, cited above, had already 
focussed attention. The work both groups authors 
stressed the possible importance the fact that fat from the 
same species might less the animals, and 
produce less local reaction the injection, point which 
Peacock Beck were the first attach particular importance. 
their view, such homologous solvents tended retained 
the site injection, and also render the absorption 
benzpyrene slower. This impression was based visual 
examination the animals, the presence fluorescence 
the ultra-violet beam being taken rough measure the 
persistence the hydrocarbon the injection site. 

These observations therefore needed reinforced 
the use body-fat obtained from quite different species, 
and (c) exact measurement the rate elimination the 
carcinogen, visual observation qualitative methods being, 
our experience, very insecure guide the fate the 
injected benzpyrene. Step (c) involved the elaboration 
rapid and accurate method for the estimation the carcinogen 
animal tissues, which was successfully achieved (Weil- 
Malherbe, 1944a; combination chromatographic 
purification the benzpyrene extracted from the tissues, 
with its fluorimetric estimation the purified extracts. 

difficulty was experienced confirming the inhibitory 
effect tumour incidence when solution benzpyrene 
mouse fat was compared with the same amount benz- 
pyrene dissolved sesame arachis oil, and was found 
that considerable degree purification the crude extract 
mouse carcasses could achieved without loss this 
property. freshly prepared neutral fat which 
had been partially freed from phospholipins precipitation 
with acetone, still showed inhibitory effect benzpyrene 
carcinogenesis (see Fig. 2). This preparation (mouse fat 
contained about cholesterol and 1.5% phospholipins 
(Dickens Weil-Malherbe, 1942). 
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FIG. 


Fig. local tumours following the injection 
mixed-strain mice 0.3 mg. 4-benzpyrene dissolved 
sesame oil 
arachis oil 
mouse fat, not highly purified (Sample 
ox-brain lipids 
Abscissae: weeks after injection; 
Ordinates: incidence tumours 
(Dickens & Weil-Malherbe, 1942). 


That this inhibition was not limited homologous fat was 
shown the fact that was possible prepare from ox- 
brain mixture, containing fats, phospholipins, and 
cholesterol, which also led the occurrence the mice 
fewer tumours than the control solutions benzpyrene 
sesame and arachis oils (Dickens Weil-Malherbe, 1942 
see Fig. 2). Out effective total mice receiving 
subcutaneous implants pellets 0.3 mg. ox-brain lipids 
containing 0.3 mg. benzpyrene, only one mouse developed 
tumour, whereas among effective total mice injected 
with the same dose vegetable oils, animals developed 
malignant tumours. 


Differences between Animal and Vegetable Fats 


The fact that the inhibitory effects observed were shown 
fats and lipids from animal sources, and were absent from 
the vegetable oils tested, suggested that they might con- 
nected with one more components present the animal 
fats but absent, present insufficient amount, the 
vegetable oils. Among the components notably present 
animal fats are phospholipins and highly unsaturated fats, 
glycerides arachidonic and clupanodonic acids, and 
these were therefore tested for anticarcinogenic activity. 
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(It implied that there may not other components 
concerned, particularly antioxidants other than phospho- 
lipins, possibility discussed below.) Accordingly, purified 
lecithin and cephalin were prepared from ox-brain, made 
into thick pastes with equal weight tricaprylin, and used 
solvents for the standard dose 0.3 mg. benzpyrene. 
example fat unusually rich polyethenoid 
unsaturated acids, cod-liver oil was chosen. There was 
notably lower incidence tumours the lecithin and 
cephalin groups mice (9% 11% mice had local 
tumours) than the control group which received tricaprylin 
solution benzpyrene (33% tumours). the other 
hand, the incidence the cod-liver-oil group was substantially 
the same the tricaprylin group. The only effect 
attributable the use cod-liver oil was tendency 
earlier tumours (Weil-Malherbe Dickens, 1944). The 
phospholipins, however, even when considerably purified, 
had inhibitory effect benzpyrene carcinogenesis 
observation that accorded well with the inhibitory action 
observed our earlier experiments with the cruder brain 
lipids, the latter material being also fairly rich 

The fact that the highly unsaturated fatty acids were not 
responsible for the inhibitory effect agrees with the correla- 
tion noticed Leiter Shear (1943) between the retardation 
tumour induction and the degree saturation the 
long-chain fatty acids present triglyceride solvent the 
abundance unsaturated fatty acids cod-liver oil may 
even have been responsible for the earlier appearance 
tumours with this solvent, comparison with the fully 
saturated tricaprylin. special affinity growing tumour 
tissue for highly unsaturated fatty acids suggested the 
observation Smedley-McLean and co-workers (Smedley- 
McLean Nunn, Smedley-McLean Hume, 1941) 
that these acids disappear from the subcutaneous tissues 
rats bearing rapidly-growing transplanted tumours. 

Further evidence supporting the relative unimportance 
unsaturation regard the total incidence neoplasms 
was provided comparison unsaturated fats with the 
same fats after catalytic hydrogenation (Dickens Weil- 
Malherbe, 1946). Hydrogenated cod-liver oil, used 
solvent for benzpyrene, gave slightly lower incidence 
tumours and longer induction period than the unhydro- 
genated solvent, though the difference total incidence was 
not statistically significant. sample nearly pure neutral 
triglyceride prepared from dissected adipose tissue the 
mouse was only slightly more procarcinogenic after hydro- 
genation than was the same fat its natural unhydrogenated 
state. There was therefore consistent correlation between 
degree hydrogenation the solvent and the carcinogenic 
activity; any event, the effect hydrogenation 
carcinogenesis was slight. 

these experiments, careful measurements were made 
the rates elimination the carcinogen from the body 
the mouse. The rate was accelerated the unsaturated 
fats, but after their hydrogenation the rate elimination 
was slowed down equal that observed with tricaprylin. 
The latter solvent behaved truly diluent, and 
did not affect the tumour incidence observed with solvents 
with which was mixed. This point has been practical 
use diluting and liquefying solvents which other- 
wise too hard too viscous for injection, and the later 
experiments tricaprylin provided reliable standard solvent 
for purposes comparison. 
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The Nature the Anticarcinogenic Factor Crude 
Mouse Fat 


order investigate this question, mouse fat was 
prepared which consisted mainly the triglyceride fraction, 
admixed with some cholesterol but containing very 
little phospholipins (0.05%). This was done dissecting 
out the adipose tissue before extracting with acetone 
previously had followed other workers extracting the 
whole mouse, process which invariably yields material 
containing much higher amounts phospholipin, well 
more cholesterol. 


FIG. 


Fig. Incidence local tumours. 
used 
mouse fat, purified (Sample plus equal vol. 
tricaprylin 
mouse fat, purified (Sample B), alone 
tricaprylin alone 
mouse fat, not highly purified (Sample A), kept 


Data for Fig. Solvents 


years 
mouse fat, not highly purified (Sample A), freshly 
prepared 
weeks after injection 


Ordinates incidence tumours (%) 


This purer mouse fat (preparation Fig. proved have 
inhibitory effect carcinogenesis (Dickens Weil- 
Malherbe, 1946). Moreover, the cruder mouse fat originally 
found anticarcinogenic (preparation Fig. 3), after 
had been kept room temperature for years was found 
have lost its anticarcinogenic action (see Fig. 3). 

These experiments strongly suggested that unstable 
component the original mouse fat was concerned its 
anticarcinogenic activity. Since the experiments described 
above did not support the view that unsaturated fatty acids 
were responsible, the most obvious component likely 
anticarcinogenic appeared the phospholipins, even 
though these were present the extent only about 1.5% 
the original mouse fat (preparation A). The experiments 
Weil-Malherbe Dickens (1944) had shown that 50% 
solutions phospholipins were inhibitory towards carcino- 
genesis, but remained shown that much weaker 
solutions, about the same concentration that phospho- 
lipins the mouse fat, were also inhibitory. Since the 
mouse-fat preparations all contained some cholesterol, the 
effect this component was also tested. 


INFLUENCE SOLVENT CARCINOGENIC Dickens 


Action Dilute Solutions Phospholipins and Cholestero 
Carcinogenesis and Elimination Rates 


Fig. shows the incidence neoplasms following the 
injection solutions benzpyrene (a) pure tricaprylin, 
(b) cholesterol tricaprylin, (c) tricaprylin containing 
1.5% brain cephalin and 1.5% brain lecithin (Weil- 
Malherbe Dickens, 1946). The tumour incidence 
and weeks was: cholesterol series, and 82%; 
tricaprylin and phospholipins 12% and 47%, 
respectively. The mean rates elimination benzpyrene 
from the animals are shown Fig. from which clear 
that the rate accelerated when the solvent contains 
cholesterol and inhibited the phospholipin solution, 
compared with tricaprylin. The values the elimination 
constants (k) shown the curves (Fig. are calculated for 


time days from injection amount benzpyrene, 
amount remaining. Statistical analysis showed that the 
values were significantly different the different solvents 
0.01). 

these experiments, where considerable care was taken 
equalize far possible all the variables other than the 
solvent, and also compare only solvents closely similar 


FIG. 


Fig. Incidence local tumours after injection into Glaxo 
mice 0.3 mg. 4-benzpyrene 0.3 following 
solvents 

tricaprylin containing cholesterol 
alone 
containing 1.5% cephalin and 1.5% 
lecithin 
fresh mouse fat (Sample A), for comparison. 
Abscissae weeks after injection 
Ordinates incidence tumours 


(Dickens & Weil-Malherbe, 1946). 
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FIG. 


010 


0-003 


Fig. Mean elimination rates 0.3 mg. 4-benzpyrene after its 
subcutaneous injection into Glaxo mice. Solvents 


containing 1.5% cephalin and 1.5% 
lecithin 

alone 

The amounts remaining the bodies the mice are shown 
the ordinates left scale log micrograms benz- 
pyrene right scale milligrams benzpyrene. Abscissae: 
days after injection. Mean values the elimination constant 
(k, for definition see text), together with their standard 
errors, are shown the curves. 


Well-Malherbe & Dickens, 1946). 


physical properties, the surprising result was obtained that 
the more rapid elimination benzpyrene was associated with 
the higher carcinogenic activity, and slower elimination 
with lower activity. would unwise generalize from 
these findings too widely, but the results nevertheless clearly 
show the incorrectness the view that rapidity elimination 
the carcinogen necessarily what determines low carcino- 
genic activity such cases. the contrary, suggested 
that the results become explicable the participation the 
carcinogen metabolic reactions regarded sine qua non 
its activity. Presumably such participation would take the 
form oxidative conversion the hydrocarbon 
metabolite, which may primarily unstable precursor 
(cf. Weigert Mottram, 1946a,b) the phenolic com- 
pounds hitherto isolated metabolic investigations the 
fate injected hydrocarbons (Chalmers Peacock, 1941 
Berenblum Schoental, 1943). 
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Dickens 


this basis, the delayed elimination benzpyrene 
observed Weil-Malherbe Dickens (1944, 1946) the 
presence phospholipins could perhaps accounted for 
the known antioxidant properties these 
study the vitro oxidation benzpyrene the 
presence autoxidizing dioxan, which acted here both 
solvent and inducer oxidation benzpyrene, was found 
that phospholipins effectively inhibited the oxidation the 
hydrocarbon (Dickens, 1946). Thus the antioxidant properties 
the phospholipins might furnish rational explanation 
their anticarcinogenic action, only provisional working 
hypothesis. quite probable that this reaction would 
enhanced other antioxidants present natural fats, which 
are known capable synergistic action (cf. Hickman, 
1943), and which some may even more effective than 
the phospholipins. the other hand, must admitted 
that such explanation present available for the 
action cholesterol, which was not found 
accelerate the vitro oxidation benzpyrene, experi- 
ments similar those mentioned above. 

important corollary the above hypothesis would 
that the true carcinogen not the hydrocarbon itself—which 
may lie contact with tissues for months, the presence 
suitable inhibitor, without producing cancer—but that 
the active metabolism the carcinogen necessary con- 
dition for its carcinogenic activity. this so, metabolite, 
presumably produced oxidative metabolism from the 
hydrocarbon, should probably regarded the true 
carcinogenic substance. 

not unlikely that further extension this work may 
greatly modify these preliminary suggestions. 
problem distinguish between physical and chemical 
influences elimination rates. evident that merely the 
rapid excretion carcinogen due, for example, the 
presence solubilizing agent, would not, the above 
theory, expected augment carcinogenesis. Some 
confirmation this has been obtained Weil-Malherbe 
(1946c), who injected mice with the true aqueous solutions 
benzpyrene obtainable the use purine derivatives 
solubilizers (Weil-Malherbe, 1946a, b). Under such con- 
ditions, the rate elimination the water-soluble benz- 
pyrene was extremely rapid, about twenty times that observed 
tricaprylin, and only very low incidence cancer 
resulted. provisional hypothesis, therefore, 
suggested that those inhibitory solvents which retard elimina- 
tion, inhibit chemically the oxidation the hydrocarbon, and 
owe this property their anticarcinogenic action. 
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Although aromatic hydrocarbons are insoluble water, they 
have definite biological effects. Benzene has destructive 
action myeloid tissue, naphthalene causes degeneration 
the crystalline lens rabbits (Adams, 1930), and many 
the more complex polycyclic hydrocarbons are carcinogenic 
and inhibit growth. These biological actions may due 
the hydrocarbons themselves but, view their insolubility 
water, possible that the action occurs the lipoid 
phase oil-water interface tissues, that the hydro- 
carbons are converted into water-soluble compounds which 
are the proximate causes the biological effects. 

The metabolism drug may lead activation 
detoxication. The metabolism prontosil results the 
formation sulphanilamide, which bacteriostatic 
compound. The further metabolism sulphanilamide 
acetyl sulphanilamide detoxication inactivation- 
process. The hydrocarbons anthracene and the carcinogenic 
1:2:5:6-dibenzanthracene are metabolized different 
products rats and rabbits. Now whereas the injection 
into rats generally leads 
tumour formation the site injection, such treatment 
rarely (if ever) produces this effect rabbits. The two 
tumours rabbits described Haagensen Krehbiel (1936) 
were induced when the was 
injected liquid paraffin 80°C. The combined action 
heat and carcinogenic agent may possibly produce effect 
different from that the carcinogen alone, and these two 
tumours are the only ones described occurring the site 
injection out several hundred rabbits which have been 
injected. 
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possible that the difference response the two 
species due difference metabolism. The tissues 
rats may transform the hydrocarbons into carcinogenic 
thracene into non-carcinogenic derivatives. Although this 
hypothesis fits the facts, much work still requires done 
before becomes more than hypothesis. could 
substantiated, should nearer understanding the 
nature the process carcinogenesis. metabolic changes 
are involved the whole process, then might possible 
prevent the carcinogenesis changing the metabolism 
dietetic other means. 


Benzene, Naphthalene and Chrysene 


The conversion benzene phenol men and dogs 
was first shown Schultzen Naunyn (1867). Benzene 
also converted catechol and hydroquinone, while small 
amount converted muconic acid opening the 
benzene ring. remarkable that the muconic acid 
excreted rabbits the trans-trans form, and that the 
cis-cis form apparently converted into the trans-trans form 
standing solution urine from rabbit dosed with 
benzene (Drummond Finar, 1938). Benzene also 
excreted phenyl mercapturic acid, which has been isolated 
from the urine rats dosed with benzene /-cysteine 
(Zbarsky Young, 1943). 

The fate naphthalene the animal body has also been 
studied for long time. Baumann Herter (1877) found 
that the urine dogs fed with naphthalene contained soluble 
compound which gave naphthalene treatment with acid. 
This soluble naphthalene precursor has still not been isolated. 
Lesnik (1888) isolated a-naphtholglycuronic acid from the 
urine dogs dosed with naphthalene, and Bourne Young 
(1934) isolated acid from the urine 
rabbits dosed with naphthalene, and confirmed its structure 
synthesis. These show that, the metabolism 
naphthalene, occurs and derivatives 
are 

The metabolism chrysene has been studied Berenblum 
Schoental (1945), who injected the substance into rats and 
examined the excreta. the use chromatographic 


2 Young (1946) has now isolated an optically active 1 : 2-dihydroxy-1 : 2- 
dihydronaphthalene from the urine of rats dosed with naphthalene. This diol, 
which gives a-naphthol on acid hydrolysis, is probably the precursor of the 
a-naphthol which had previously been isolated from urine. 
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analysis, phenol was isolated which was converted into 
methoxychrysene. This methoxychrysene was shown 
identical with 3-methoxychrysene, which had been synthesized 
Cook Schoental The chief metabolic product 
therefore 3-hydroxychrysene (II). Substitution has not 
taken place the chemically reactive 2-position, but the 
less active 3-position, which corresponds the 
substituted naphthalene nucleus. 


Anthracene 


The study the metabolism anthracene has revealed 
peculiar differences between species. anthracene 
fed injected into rats rabbits, several water-soluble 
derivatives are excreted the urine. The most abundant 
(Boyland Levi, 1935; 1936a). The physical properties 
the compounds and derivatives obtained from the two 
species are given Table 


TABLE PHYSICAL PROPERTIES ANTHRACENE 
DERIVATIVES URINE RATS AND 


Property of compound derived 
fro 


m 
Rat urine Rabbit urine 


dihydroanthracene 


160-161° 184° 
dihydroanthracene 122 and 147° 122° 
(dimorphic) 


Boyland Shoppee (in press) have made further examina- 
tion these diols and conclude that both compounds have 
the cis structure, and that the rabbit diol optically 
mixture the and forms. Both types 
dihydroxydihydroanthracene are easily dehydrated give 
the phenolic a-anthrol The 
properties the glycuronides the dihydroxydihydro- 
anthracenes (V) are also different, although these also lose 
water and give a-anthrol glycuronic acid treatment with 

These experiments established the fact that hydrocarbon 
can attacked the animal body such way that the 
elements hydrogen peroxide are added yield neutral 
water-soluble compounds. This reaction has been called 
(Fieser, 1941), and particular 
interest view the stereochemical differences found 
the two species which were examined. 

The urine both rats and rabbits which had been dosed 
with anthracene gave free anthracene when heated with acid. 
The actual anthracene precursor has still not been isolated 
but, analogy with the dihydroxy-dihydroanthracene 
results, seems possible that hydroxy-dihydroanthra- 
cene (VI) which, treatment with acid, loses the elements 
water. Both rats and rabbits also excrete /-anthryl- 
acid (VII) (Boyland Levi, 1936b), but 
this case the same product excreted both species. 

Quick (1937) has suggested that the union cysteine 
with the hydrocarbon might the first and only step available 
the organism for attacking the unsubstituted aromatic 
ring and that further reaction the mercapturic acid 


replaced hydroxyl This hypothesis still 
remains unproved, but the fact that phenylcysteine excreted 
phenylmercapturic acid indicates that the linkage between 
cysteine and aromatic compound not readily altered 
the body. 

interesting point about anthracene metabolism that 
the reacting groups enter the molecule carbon atoms 
which are not particularly reactive. most chemical 
reactions the meso- and 10-positions are usually 
attacked, whereas animals substitution takes place the 
2-carbon atoms the side rings. This type action, 
which hydroxylation occurs centres secondary 
reactivity, has also been found metabolism more 
complex hydrocarbons. possible that the hydrocarbon 
combined with enzyme with some other tissue con- 
stituent (such ascorbic acid, cf. Warren, 1943) purine 
(Weil-Malherbe, 1946) through the and 10-carbon atoms, 
that the side rings are the only rings open attack. The 
and shows that the unsubsti- 
tuted meso-positions are not essential for carcinogenic action. 
the contrary, substitution these centres chemical 
activity methyl groups increases the carcinogenic activity. 


Anthracene not carcinogenic, but 10-dimethyl-1 
genic when tested the usual methods. 2-benzanthracene 
border-line substance with slight carcinogenic activity. 
Berenblum Schoental (1943b), with Holiday (1943), 
examined the faeces mice and rats which had been injected 
with 2-benzanthracene. chromatographic analysis 
alumina they isolated fluorescent phenol. The phenol was 
converted into the more stable methoxy-compound which 
was compared chromatographic behaviour, fluorescence 
spectra and absorption spectra with 10-dimethoxy- 
2-benzanthracene and with 2-benzanthra- 
cene. The evidence obtained suggests that 2-benzanthra- 
cene converted into 4’-hydroxy-1 2-benzanthracene 
rats and mice. 

Dickens Weil-Malherbe (1945) have obtained spectro- 
graphic evidence that 2-benzanthracene 
anthracene rats. Thus the chemical processes the 
metabolism the carcinogenic 10-dimethyl-1 2-benz- 
anthracene and the doubtful carcinogen 
cene are similar. 


1:2:5 6-Dibenzanthracene 


the body are particular interest, this substance was 
the first known carcinogen definite structure and still 
the most potent from the quantitative aspect when injected 
into mice (Bryan Shimkin, 1943). 

first isolated from rabbit urine Levi Boyland (1937), 
later characterized Boyland, Levi, Mawson Roe 
(1941) and Dobriner, Rhoads Lavin Dobriner and 
his co-workers studied the metabolism different species 
and recovered 6-dibenzanthracene from both urine 
and faeces rats, mice and rabbits following subcutaneous 
injection the hydrocarbon. They also obtained evidence 
indicating that compound with phenolic properties was 
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excreted rats and mice, and that different dihydroxy- 
was excreted rabbits. The 
substance isolated from the urine rats and mice was shown 
cene (IX) synthesized Cason Fieser (1940). The 
structure the phenolic derivative 6-dibenz- 
anthracene which has been isolated from rabbit urine still 
not settled, but yields quinone oxidation which not 
identical with the 2:5 6-dibenzanthra- 
quinone which has been synthesized Cason Fieser 
(1941). Jones (1942) used spectrographic methods and could 
detect hydroxylated derivatives the tissues. found 
that much more unchanged 6-dibenzanthracene 
excreted both the faeces and the urine. 

Both the phenolic derivatives dibenzanthracene which 
have been isolated have been reported being non-carcino- 
genic, the rabbit derivative having been tested mice both 
Boyland (1941) and Dobriner al. (1942), and the 
rat derivative (as synthetic 4’-8’-dihydroxy-dibenzanthracene) 
Dunlap Warren (1941). These results are agreement 
with the general rule that introduction phenolic groups 
into the carcinogenic hydrocarbon molecule results loss 
carcinogenic activity. possible that these dihydroxy- 
which have been isolated are 
formed either natural processes metabolism arti- 
ficially during extraction from non-phenolic tetrahydroxy- 
tetrahydro-derivatives, analogous the anthracene meta- 
bolism products, are purely hypothetical, but possible 
that such compounds formed the tissues might carcino- 
genic. The testing this hypothesis must wait until such 
compounds are available. 


4-Benzpyrene 


4-Benzpyrene one the more rapidly acting carcino- 
genic hydrocarbons, and the main compound responsible for 
the carcinogenic activity most benzpyrene 
derivatives have intense and typical fluorescence spectra, 


their presence can easily traced the excreta and tissues 


animals. The application benzpyrene followed 
excretion only small amounts metabolites the urine 
the other hand, relatively large amounts are excreted 
the faeces. only minute amounts unchanged hydro- 
carbon (Chalmers Kirby, 1940; Berenblum Schoental, 
1942) are found ihe excreta, possible that the animal 
eliminates the foreign compound mainly metabolic 

Extracts from the pooled faeces suitable solvents can 
separated fluorescence chromatography into various 
fractions. The most conspicuous fraction forms zone with 
yellow fluorescence, but solution fluoresces brilliantly 
blue. Chalmers Crowfoot (1941) isolated minute amounts 
crystals from this fraction, which, according crystallo- 
graphic analysis, appeared benzpyrene-monophenol. 
That this phenol was 8-benzpyrenol (XIV) was established 
Berenblum and co-workers (Berenblum Schoental, 1943a 
Berenblum, Crowfoot, Holiday Schoental, 1943), who 
made use the fact that unstable phenols are easily oxidized 
quinones, and that they can transformed into more 
stable methoxy-derivatives. The structure benzpyrene 
quinones has been established synthesis (Vollmann, Becker, 
Corell Streeck, 1937). (1939) 
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synthesized 5-benzpyrenol, and Cook Schoental (in press) 
have prepared 10-benzpyrenol. 

Recent work Berenblum, Schoental, Holiday Jope 
(1946) has shown that both rats and rabbits excrete and 
10-benzpyrenols, which can oxidized and 10- 
benzpyrenequinones respectively. Rats excrete relatively less 
10-benzpyrenol relation the isomer than rabbits. 
The species differences are therefore quantitative rather 
than qualitative, far the metabolic end-products 
are concerned. The metabolic production phenols from 
benzpyrene fits the rule established with the other hydro- 
carbons, the molecule not attacked the 5-position, 
which chemically most reactive, but the 10-positions, 
either which should available for the perhydroxyla- 
tion reaction such occurs with anthracene. 


The Intermediate Stages Benzpyrene Metabolism 


can easily demonstrated visually that the metabolism 
benzpyrene occurs several steps (Peacock, 1936 1940; 
Doniach, Mottram Weigert, 1943 Weigert, 1943). After 
intravenous injection benzpyrene into mice, the digestive 
tracts appear fluorescent ultra-violet radiation. The 
fluorescence starts the duodenum, where the brilliantly 
blue fluorescent bile enters and moves down with the contents 
along the small intestine. The blue fluorescence the bile, 
which different from that benzpyrene itself, was the first 
indication that the hydrocarbon metabolized during its 
elimination from the body. Peacock (1936) called the blue 
fluorescent constituent the bile When the 
contents reach the ileocaecal valve, the fluorescence changes 
abruptly green-blue, with spectral bands which are different 
from those this green-blue fluorescent 
constituent the faeces which was identified 8-hydroxy- 
the metabolism, has only transitory existence the living 
animal. 

The BPX fluorescence appears the liver and bile and 
number sites after the application benzpyrene. The 
most important these other sites are the kidney, where 
the BPX fluorescence confined the cortex, the lung, 
skin and subcutaneous tissue, after painting injection 
the hydrocarbon. Whereas the typical blue fluorescence 
increases and disappears again from the inner organs within 
few hours, develops much more slowly the skin and 
the subcutaneous tissue, and persists sometimes for days 
and weeks. 

From extracts the various blue-fiuorescent tissues 
benzpyrene-treated animals four different metabolites have 
been separated (Weigert Mottram, 1943; 1946). Two 
them are constituents and were accordingly 
termed and Two other derivatives, separated from 
extracts the large intestine and faeces, were termed 
and F;. Three main facts which indicate the chemical 
nature these derivatives are: (a) the absorption spectra 
and are the same type that benzpyrene 
itself, whereas the absorption spectra and are 
different type, but similar each other; (6) appears 
vivo the first product the metabolism, the con- 
version takes place relatively quickly, whereas the production 
proceeds much more slowly; (c) can quickly 
and smoothly transformed vitro with cold alcoholic acid 
into From follows, according general spectro- 
scopical rules, that the five-ring aromatic skeleton benz- 
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pyrene intact the F-metabolites but not the X-deriva- 
tives from (c) that mild, reaction the 
benzpyrene skeleton, which according (b) was disrupted 
during the first step the metabolism, can restored. 
Furthermore, the slow and prolonged production 
indicates that preceded that The metabolism 
and chemical restoration the aromatic skeleton, and 
analogy seems probable that similar biochemical formation 
di-alcohol may occur with benzpyrene. 

The absorption spectrum identical with that 
8-hydroxybenzpyrene (Berenblum al., 1943). That 
almost the same but for the displacement the ultra- 
violet absorption bands toward the ultra-violet. 
derivative 8-benzpyrenol (XIII). may therefore 
anthracenes, and since easily transformed the cold 
into F,, the constitution 9-dihydroxy-8 9-dihydro- 
4-benzpyrene with substituent the 8-position may 
appears mainly the wall the small intestine and 
strongly adsorbed the cells various tissues. not 
transformed into F,-derivative mild treatment X,, 
but yields vivo without passing through the stage. 
These properties indicate that the 9-hydroxy-group 
linked with another group formula XII. The 
scheme (formulae X-XIV) shows the probable chemical 
changes the metabolism benzpyrene mice. Nothing 
known yet about the chemical nature the groups 
R, and Ry. 

Quantitative Experiments 


The problems the kinetics benzpyrene metabolism 
have been attacked by: (a) estimation the rate disap- 
pearance known amount applied benzpyrene from the 
whole animal from selected sites (Berenblum Schoental, 
Weil-Malherbe, 1944), and the estimation the 
various metabolites intervals after the application the 
hydrocarbon (Weigert Mottram, 1946). Benzpyrene disap- 
pears from the whole mouse after intraperitoneal subcuta- 
neous injection according monomolecular reaction, i.e. 
the actual amount the hydrocarbon still present any 
moment controls the rate disappearance. The half-life 
period about days after intraperitoneal injection sesame 
oil, but much longer after subcutaneous injection. The satura- 
tion the blood seems the limiting factor controlling the 
elimination the hydrocarbon, the F-metabolites appear 
constant rate during the first days. The excreta contain 
mainly 8-benzpyrenol with small amount during 
the first day. The discrepancy between the marked slowing 
the rate disappearance the hydrocarbon (mono- 
molecular rate) and the constant rate the excretion the 
metabolite (zero order), indicates that mechanism for 
destruction benzpyrene the body exists which yet 
unknown. 

After intravenous injection colloidally dispersed 
benzpyrene into mouse, about was immediately stored 
the liver and the remainder the kidneys, lung and fatty 
tissues, and then slowly metabolized and excreted. After 
the skin mice was painted with benzpyrene solution the 
hydrocarbon disappeared almost completely from the painted 
area within one day, the animals were left under normal 
conditions, but this due the material being removed 
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licking. mice were held that they were unable lick 
the benzpyrene, then disappeared from the painted area 
very slowly. both cases appeared slowly the painted 
area and, after reaching maximum, faded away. This 
shows clearly that the production the X-metabolite 
due local action the treated tissue. The same process 
occurs the kidney and lung and even the blood. Although 
the greater part the benzpyrene metabolites pass out 
through the small intestine, they not appear absorbed 
into the blood, but may fixed the tissues the gut 
mice are killed immediately after intravenous 
injection benzpyrene and bled, the amount X-meta- 
bolites continues increase the liver, kidney, lung and 
the shed blood. The metabolism benzpyrene also 
proceeds the skin after death. The detached skins from mice 
were painted with benzpyrene and incubated Ringer 
solution 37°C. for one day, when appeared the 
(Weigert, Calcutt Powell, 1946). The yield 
was almost independent the amount benzpyrene painted 
the same area the skin, and could reach much 
20% the hydrocarbon applied. 

After subcutaneous injection benzpyrene sesame oil, 
the hydrocarbon disappeared relatively quickly and some 
appeared the site injection, but much more 
appeared when the hydrocarbon was dissolved fraction 
mouse fat which, according Dickens Weil-Malherbe 
(1942), inhibits the production subcutaneous tumours. 
This means decrease the tumour incidence with slow 
elimination carcinogen and increase the formation 
The remains the tissue for many weeks. 
Similarly, treatment with croton oil, which sensitizes the 
skin carcinogens (Mottram, 1944), increases the rate 
elimination benzpyrene and reduces the amount 
fixed the tissue. 

These experiments are consistent with the suggested scheme 
the metabolism benzpyrene, and indicate that the 
direct quick route from the hydrocarbon via and 
the end-product the metabolism favourable for carcino- 
genesis, whereas the fixation the benzpyrene the 
tissue acts kind detoxication. any case, these 
experiments suggest that not the hydrocarbon itself 
which the proximate carcinogenic agent, but one the 
metabolites, either the energy released during 
the transformation from 


Metabolism Nitrogenous 


When rats are injected with the carcinogenic 2-acetyl- 
aminofluorene they excrete 2-acetylamino-7-hydroxyfluorene, 
which was isolated and characterized (XV), the urine 
(Bielschowsky, 1945). The metabolism the carcinogenic 
azo-compounds probably occurs through the hydrazo- 
derivatives, shown the case with azobenzene itself 
(Elson Warren, 1944). Stevenson, Rhoads 
(1942) isolated p-aminophenol, p-phenylenediamine, p-acetyl- 
urine rats dosed with dimethylaminoazobenzene Butter 
these metabolic products, p-phenylene- 
diamine, and intermediary metabolite, 
N-dimethyl-p-phenylenediamine, inhibited the enzyme 
triose-phosphate-dehydrogenase, which essential enzyme 
carbohydrate metabolism. N-dimethyl-p-phenylene- 
diamine, however, was later shown non-carcinogenic 
(Sugiura, Halter, Kensler Rhoads, 1945), th.: 
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improbable that the carcinogenic action the parent azo- 
compounds due the enzymic inhibitory action the 
metabolism products. 

The metabolism interest from the 
point view the hypothesis put forward the present 
authors, this compound appears induce cancer the 
bladder dogs (Bonser, 1943) and men, but not readily 
other species. Now Wiley (1938) has shown that dogs 
naphthol (XVI). the other hand, Dobriner, Hofmann 
Rhoads (1941) were able isolate 2-acetylamino-6-hydroxy- 
naphthalene (XVII) from the urine rats, rabbits and 
monkeys. The metabolism therefore appears different 
dogs, which are susceptible this carcinogen, from that 
species which are not liable bladder cancer when treated 
with 


Discussion 


The usual metabolism hydrocarbons animals involves 
hydroxylation process which phenol produced. The 
phenolic hydroxyl group usually introduced into the 
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the naphthalene nucleus, into analogous 
positions more complex hydrocarbons, most which 
naphthalene can considered constituent part the 
larger molecule. possible that these phenols are produced 
dihydro-compound diol, and subsequent dehydration 
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is, however, probable that the reaction occurring with 
anthracene general reaction with aromatic hydrocarbons. 

There are many known examples species differences 
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different conditions, and that these differences may the 
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CARCINOGENIC SUBSTANCES 
HUMAN TISSUES 


IZRAEL HIEGER, Ph.D. 
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According one chemical theory cancer, some tissue 
the body produces carcinogenic agent aberration 
those processes which synthesize the steroids, e.g. the steroid 
group hormones, and cholesterol and its related com- 
pounds. Such explanation seemed simpler years ago 
than does to-day, partly because, since that time, the 
number known carcinogenic compounds has increased 
from about 300. 

But the relation the hypothetical endogenic carcinogen 
the steroids has become somewhat less obvious, the 
other hand, the existence such large number laboratory 
carcinogens suggests that the investigator has wider field 
possibilities the search for carcinogenic substances 
human animal tissues. 

The problem being attacked from two directions, 
namely, the study the carcinogenicity steroid 
and secondly, the investigation the nature carcinogenic 
substances extracted from the tissues subjects dead 
cancer. Failure isolate such compounds would not 
fatal the chemical theory, since the view could then 
advanced that the carcinogenic agent represents only 
transitory stage chain reaction, that might present 
any one time amount too small detected any 
means other than its tumour-making power, and that, having 
stimulated normal cells neoplasia, may rapidly con- 
verted non-carcinogenic excretion-product. But 
course would preferable have positive proof the 
agent demonstrating its presence the tissues cancerous 
subjects and its absence non-cancerous 

Some the problems presented the carcinogenic sub- 
stances which have been extracted from human tissues will 
solved only when these compounds have been chemically 
identified and assayed. the present time, very difficult 
questions have been raised the fact that the substances 
have been found the tissues from some subjects dead 
cancer but not others, and further, the tissues some 
subjects dead diseases other than cancer and again not 
others. 

The admirable work Steiner (1942, 1943; Steiner, 
Steele Koch, 1943) shows that about 20% the livers 
human subjects (death due cancer some other cause) 
contain carcinogenic substances. This result disposes any 
simple direct relation between the presence the sub- 
stances and the incidence cancer the subject. 
particular value Steiner’s examination each tissue 
extract separately, using separate batch experimental 
animals. 

4 [See article in this number by Burrows & Horning (BMB 971). —Ep. 


The reader referred the article Cancer Research, 1946, 657 
for a somewhat fuller treatment. 
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Thirty-seven livers from cancerous patients yielded (22%) 
active extracts, while out (20%) from non-cancerous 
patients gave active extracts. This say that sample 
human livers, one five contains detectable 
carcinogens. 

fortunate chance encounter why Shabad 
(Kleinenberg, Neufach Shabad, 1940; 1941), who was 
the first open this line investigation, found benzol 
extract non-cancer liver inactive while the benzene 
extract cancer liver was active, nor explain why 
Sannié, Truhaut (1941) found the combined 
unsaponifiable fraction cancer livers active but the 
unsaponifiable fraction non-cancer livers inactive, but 
might explain results obtained this laboratory (Hieger, 
1940), where the unsaponifiable fraction some livers 
cancer subjects was highly while similar preparations 
from other cancer livers were inactive. The essential features 
the experiments these workers and Menke (1942) 
have been collected Tables I-V. 

Extracts the livers cancerous and non-cancerous 
Bantu natives have been found carcinogenic 
Des Ligneris (1940) Johannesburg. obtained 
tumours, them malignant, some hundreds mice, 
painting the skin with solution the unsaponifiable 
fraction the livers. The unsaponifiable fraction livers 
cancerous non-cancerous Europeans did not produce 
skin tumours mice, 

Menke’s results his third experiment are difficult 
explain except the assumption that the extractable fat 
from the breast diluted the extract from the tumour, that 
the still normal part the breast contained factors inhibitory 
carcinogenic action. Alternatively, recourse must made 
the random-distribution observations Steiner 


Remote Tumours 


number workers have given attention the tumours 
arising sites other than the place injection; here 
again, Steiner’s results, opposition those Kleinenberg 
al. (1940, 1941) and Sannié (1941), show little 
difference tumour production between preparations from 
the livers cancerous and those from 
subjects, and also surprisingly little difference between 
preparations which were active producing local sarcoma 
and those which were inactive. 


TABLE INDUCTION TUMOURS MICE 
INJECTION TISSUE-EXTRACTS 
Neufach Shabad, 1940; 1941) 


Tumours at 


—— 


Survived | | 

after 8 | Injection- | Other 

Initial months | __ site sites 
Benzol extract of 41 cancer livers? ... 179 108 4 62 
Benzol extract of 26 non-cancer livers* 91 54 0 13 
Control ... on | Gs 389 0 40 
cancer livers ... Rv 23 16 i?) 5 
Benzol extract of lung (unsaponi- Rv | 67 46 | ! 25 
non-cancer cases... x 73 32 4 


3 


1 The cause of death was cancer. (The liver was not necessarily iwolved. ) 
* The cause of death was not cancer. 
*x and Rv represent two different strains of mice. 


one experiment, out mice which survived months, developed 
sarcomas at the site of injection. 
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TABLE INDUCTION TUMOURS MICE 
INJECTION TISSUE-EXTRACTS 
(Steiner, 1942, 1943; Steiner, Steele Koch, 1943) 


| Numerator = tumours 
of lung, lymphatic 
tissue, mamma, uterus, 


Number of! ovary liver, 
| cases of survivors. 
sarcoma at, Number Denominator 

Exp. injection- | of mice survivors at 
No. | site injected | 6 months 


— 


1 Unsaponifiable fraction of 8 


cancer livers, pooled 14/30 
2 |Unsaponifiable fraction of 
non-cancer livers, pooled ... 17/54 


3 | Unsaponifiable fraction of 37 
, cancer livers, tested 

(survivors months) 


| mon-cancer livers, tested sepa- 
rately were found active) 440 277 
\(survivors at 12 months) 
(A: ether-soluble 
of II B: ether-insoluble 
cancer fraction 41/66 
livers | C: unsaponifiable | 
; fraction of A 0 | 17 12/17 
Unsaponifiable fraction of 4 | 
human cancers 32/42 
8 Unsaponifiable fraction of 10 j | 
| human cancers, large part of | 


Survivors after 


months 

Unsaponifiable fraction from 

overfried meat 10 8 

meat (excess fat removed by 

acetone-extraction, residue 

extracted with benzene) 
14 |Unsaponifiable fraction from 


15 | Unsaponifiable fr fraction of cancer 
livers and non-cancer | 
into rats ott No tumours 


TABLE INDUCTION TUMOURS MICE 
INJECTION TISSUE-EXTRACTS 
(Sannié, Truhaut Guérin, 1941) 


Number of mice Tumours at 
Injection-site Other 
sites 
Initial Survived Haemor- 
after 12 rhagic 
months Sarcoma cyst 
Unsaponifiable fraction of 2 
cancer livers ... 25 20 6 12 6 
Urnsaponifiable fraction of 2 
non-cancer livers... 25 20 19) 5 3 


TABLE IV. INDUCTION TUMOURS MICE 
INJECTION TISSUE-EXTRACTS (Hieger. 1940) 


Number of mice | Sarcomas 
Survived injection- 


Exp. after 12 site) 
No. Initial months 

4 |Unsaponifiable fraction of 3 cancer livers .... 28 17 I 

2 (\Unsaponifiable fraction of Bantu’ livers 3 9 


3 | 
\Ether extract of 2 cancer livers 37 (baby | 14 
mice) , 
4 ther extract of 2 cancer livers all = 17 (adult 7 
mice) 
5 Benzene extract of 4 cancer livers ... ost an 1S 
6 insaponifiable fraction of 3 cancer livers ... 27 18 
7 nsaponifiable fraction of 3 non-cancer siaasom 40 i9 
8 [Lard (i.e. solvent) controls ... 303 142 


NURS 


For this which was sent air, indebted Des Ligneris 
the South African Institute for Medical 
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TABLE INDUCTION TUMOURS MICE 


INJECTION TISSUE-EXTRACTS (Menke, 1942) 


Soxhlet Unsaponi- Digi- Non-digie Non- 
extraction, fiable tonide tonide carbonyl 
Exp. 4 fraction fraction fraction fraction 
No. solvents ofa 


| (Numerator = number of sarcomas produced; 
| denominator = number of mice) 
| Breast cancer, tumour 
alone; 3 extracts from 
2 (Cancerous breast after 
removal of tumour ; 
2 extracts from 2 
breasts 0/33 o/e* 0/6" 
3 Breast cancer, “whole, 
ie. breast + tumour; 


2 cases ono) 0/22 = 
4 Non-cancer breast; 

6 Osteogenic sarcoma 


1 Made from the extract of a separate breast, not the one used for a and b. 


Effect Saponification 


Kleinenberg (1940, 1941 Table and also Menke 
(1942 Table both found that simple extraction tissue 
with fat-solvents gives active preparation, while saponifica- 
tion which removes, any rate the case liver, 9/10ths 
the total extractable fat fails give product increased 
potency. Thus hint given whether the agent belongs 
the fatty glycerides and phospholipins the steroids. 
Steiner (Table the other hand, found that, one 
series experiments, livers pooled two groups 
and gave strongly carcinogenic unsaponifiable fractions, 
but that the benzene extracts pooled cancer livers were 
inactive. would very curious the first two groups 
and livers) happened contain one more the active 
livers which occur once times, while the third group 
livers did not contain single one these active livers. 
Alternative explanations would that saponification concen- 
trated the agent removing inactive fats, that the active 
agent was artifact. 

Steiner’s preparations were obtained somewhat drastic 
means, namely saponification the boiling point with 
potash for hours. Such treatment might conceivably form 
carcinogen from precursor might destroy carcinogen 
already present, but since all his livers were treated 
the same way, the evidence favour very stable 
carcinogen, present infrequently (namely, 5). may 
possible the future apply less drastic methods the 
analysis tissue fats, such chromatography the centri- 
fugual molecular still. 

experiments carried out here, sarcomas were produced 
mice injected from the second day after birth with 
ether extract cancer liver. (The same extract injected into 
mice weeks old produced tumours.) Menke (1942) 
and Steiner carried out the obvious test using the same 
preparation for making (a) the simple extract and (6) the 
unsaponifiable fraction. Menke’s experiments, and 
one Steiner’s, neither nor were active, but 
Steiner’s overfried meat experiment (No. 14) (Table the 
unsaponifiable fraction was inactive but the simple benzene 
extract produced one sarcoma. Thus, while Steiner (Table 
and Hieger (Table IV) show that saponification nearly 
always gives products higher potency than does simple 
one critical test (based single positive result) 
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suggests the reverse. Menke tries compromise proposing 
that there are two agents, one the saponifiable part and 
one the unsaponifiable. 


Fractionation Unsaponifiable Material from Tissues 


The chemistry the carcinogenic factor was investigated 
our Institute fractionating the unsaponifiable matter 
from human liver much simplified form the technique 
used preparing vitamin-A concentrates from liver. The 
steps are indicated the flow-sheet. 


FLOW-SHEET 


Crude unsaponifiable matter (A) (usually buttery, 

semi-crystalline, orange, pleasant oily-aromatic 

smell, yield 5-10 per liver) resaponified with 

alcoholic potash, refluxed stream for 
minutes 


unsaponifiable, 2nd stage (B) extracted with 
boiling methyl alcohol 


extract 
dark red-brown cooled 
oily resin and filtered 


10° crystals filtrate 
mainly cooled —60° 
about 85%) and filtered 
(D) 
60° precipitate 60° filtrate 
(cholesterol, poorer adjusted 90% 
MeOH the 


quality than 

(E) addition water 

then extracted with 
petroleum ether 


ether ex- petroleum ether- 
tract insoluble 

F 


(=OH compounds, 
vitamin 


Soon after this work had been begun, Kleinenberg, Neufach 
Shabad (1941) reported the production tumour 
mouse with extract, not liver, but the lung subject 
dead cancer. the experiments carried out here was 
decided that, order obtain enough material for preparing 
the unsaponifiable fraction, mixture the larger organs 
and tissues other than liver might used. Lungs, kidneys 
and skeletal muscle were removed post mortem and treated 
together the same way liver. 

Little attention was given the particular type cancer 
involved. The immediate aim was find the physico- 
chemical nature the active substance, although the possi- 
bility remained that different tissues might contain different 
carcinogens. Non-cancer tissues were from elderly 
middle-aged subjects dead any cause other than cancer. 

The livers other tissues were placed the cold room 
soon possible after removal from the body. They were 
usually saponified the next day, but sometimes days 
elapsed between death and the processing the tissues, 
which time they were usually frozen solid. The survival rate 
the active substance dead tissue unknown, but 
compound which will withstand boiling alcoholic caustic 


potash for hours not very likely decomposed 
tissue enzymes near freezing point. 


Controls 


control experiments, which some hundreds 
mice were injected with the solvent (lard) alone, tumours 
have been obtained (Table IV). These control mice were 
treated otherwise exactly the same technique those 
which the tissue fractions were tested. 

Tests are progress see whether carcinogens are 
produced artifacts during saponification, since two workers 
(Steiner and Hieger) found that activity was increased this 
process, or, more exactly, the unsaponifiable fraction 
livers has proved much more carcinogenic than crude fatty 
extracts. Alcohol, and especially industrial spirit, contain 
traces acetaldehyde, which resinified alkali, and this 
resin, being soluble ether, would found the unsaponi- 
fiable fraction. three experiments, distilled spirit, distilled 
alcohol, and alcohol which acetaldehyde had been pur- 
posely added, were refluxed with potash for hours 
quantities adjusted imitate the conditions liver saponiti- 
cation. The testing these resin-products mice has now 
been progress for months. 

Cholesterol undergoes oxidation alkaline solution. 
human liver) were refluxed with potash and (a) alcohol, 
(5) spirit, control experiment, liver tissue being 
present. The testing the products mice has now been 
progress for months. 

The active fraction (D, see flow-sheet) consists largely 
cholesterol. Commercial cholesterol, suspended lard 
25% concentration, was therefore injected into mice. 
132 different strains mice have been treated, and 
although many died early the experiment, single mouse 
developed typical spindle-celled sarcoma the site 
injection months. This tumour has now reached its 
16th generation and grows with unusual speed for, allowed, 
will reach the size the mouse month. 


Technique 


polycyclic hydrocarbons were allowed the laboratory. 
has been pointed out earlier, some aerial contamination 
soot other carcinogenic substances was practically 
unavoidable owing the position the Institute and the 
laboratory. Where practicable, apparatus and materials 
were protected from atmospheric dust the plentiful use 
clean paper covers during the experiments. Solvents were 
distilled over eosin, which could detected the distillate 
ultra-violet fluorescence traces were sprayed over. 
Solid reagents were not easily purified they were 
used analytical-reagent quality and washed with distilled 
ether when required. Nevertheless, all such precautions 
were obviously far from perfect. 


Injection 

far possible the fractions were injected dissolved 
lard 15% concentration, except where little fraction 
was available and economy had exercised. Injections 
were made subcutaneously the flank, either 0-1 
0-2 cm.? fortnightly, the object being maintain reservoir 
material which could felt through the skin soft 
nodule. some cases, after injections further 
injection was needed for year more other cases, the 
reservoir had replenished more frequently. 
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Sarcoma Production 


Unless otherwise stated, the mice used all the work 
summarized Tables and VI, and for testing the fractions 
shown the flow-sheet, were mixed commercial stock 
unknown heredity obtained from the same source. (Parallel 
tests mice the strain are progress and will 
later). 

TABLE SARCOMA PRODUCTION WITH CRYSTAL- 


LINE, CHOLESTEROL-RICH FRACTION (see flow- 
sheet) 


Tissue Number of mice Tumours 
Survived Latent period 
after 12 (months) 
months | Number 
Non-cancer (lung-kidney-muscle) 2 14 2 15, 24 
14, 15, 20 
16, 19 


Cancer (lung- 10 3 
Cancer (liver)... 9 2 
Non-cancer (liver) 8 


The control series receiving lard only have far given 
negative results, but some the tests are still progress. 
The results obtained with fraction unsaponifiable 
material obtained from various cases are given Table VI. 
The tumours were spindle-celled sarcomas the site 
injection. The negative result with fraction non-cancer 
liver noteworthy, and this test will repeated. With one 
exception the tumours (i.e. out 231 mice) occurred 
the series injected with fraction (see flow-sheet) 
tive its origin, i.e. whether the tissue was liver lung- 
kidney-muscle, whether the tissue was from cancerous 
non-cancerous subjects. Moreover, the activity the 
fraction obtained from different sources was the same 
order, but the precise significance this similarity 
unknown, for the conditions the test may such that 
relative differences agent not effect proportionate 
differences potency. The eighth tumour was produced 
fraction from non-cancer lung-kidney-muscle mixture 
(see flow-sheet). 

Cholesterol estimations fraction from different 
sources, digitonin precipitation, give figures ranging from 
92% cholesterol, which are probably rather high, 
since the digitonin method does not distinguish between 
cholesterol and other Dr. Shoppee 
(private communication), working with large sample 
(30 g.) fraction finds cholesterol content based 
the isolation chromatographically pure cholesterol 
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This fraction (D) will considered then have choles- 
terol content about contained saponifiable 
material and was somewhat waxy crystalline powder, the 
colour pale straw orange, and obviously not homo- 
geneous, for the coloured part seemed unevenly adsorbed 
the white part. remains determined whether the 
active substance present small amount adsorbed 
the cholesterol during crystallization, whether, along with 
the cholesterol, are crystallized appreciable amounts allied 
sterols sterol derivatives, among which the factor whose 
identity required. Possibly the cholesterol itself which 
makes the larger part this fraction means 
inert sarcoma production, and the tumour may the end 
result the combined activity more than one compound. 
Thus the carcinogenic activity benzpyrene increased 
when cholesterol added, according the results experi- 
ments Dickens Weil-Malherbe (1945), which solutions 
the hydrocarbon with and without cholesterol were painted 
mice. The chemical constitution the compounds 
associated with cholesterol contained fraction being 
investigated Dr. Shoppee this Institute, who will 
publish his results shortly. 

Sub-fractions this fraction are undergoing tests mice, 


Summary 


Previous work reviewed and attention drawn the 
main difficulties this field investigation 

The low potency human tissue carcinogens 

indicated prolonged latent period 

the sporadic occurrence these substances (Steiner) 

the uncertainties with regard susceptibility the 

experimental mice. 

technique fractionation unsaponifiable material 
from tissues described. 

sarcoma-producing fraction has been obtained from 
mixed lung-kidney-muscle cancerous and non-cancerous 
human subjects, and from the liver cancerous subjects. 

The carcinogenic substances from these sources are 
found the cholesterol-rich fraction the unsaponifiable 
material. This fraction crystalline mixture compounds 
containing the average about 85% cholesterol. 
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THE CARCINOGENIC ACTION 
HEATED FATS AND LIPOIDS 


PEACOCK, M.B., B.S., F.R.F.P.S. 


Director Research Department and Administrative Medical 
Officer, Glasgow Royal Cancer Hospital 
Honorary Lecturer Pathology, University Glasgow 


There now sufficient evidence justify the title this 
article, but present fairly easy task there has 
been much speculative writing the subject. There has 
been number isolated unsupported reports tumours, 
but, the other hand, evidence sometimes 
found only papers devoted mainly other con- 
siderations, its significance was not apparent the time 
writing. may be, therefore, that some important data 
have been overlooked presenting the evidence, but 
attempt will made correlate data from various sources 
and present the development this line research 
seen the writer. Several critical reviews have appeared 
covering various aspects this subject, and reference will 
made them. 

The fact that carcinogenic properties can conferred 
naturally-occurring organic substances destructive distilla- 
tion high temperatures was first recorded Kennaway 
(1924), who prepared carcinogenic tars from yeast and from 
human skin temperatures between 700° and 920°C. 
Kennaway Sampson (1928) prepared carcinogenic tar 
from cholesterol heated under the same conditions. Although 
great scientific interest and possible importance 
industrial risk, such procedures were far removed from 
metabolic processes. Kennaway (1930) therefore sought 
devise less drastic chemical methods preparing carcinogens 
body temperature, but without success, for though 
obtained from the reaction AICI, with tetralin, 37°C., 
mixture substances with high boiling-point which 
yielded carcinogenic distillate temperature 270°C., 
the undistilled material was not carcinogenic. 

Following the discovery Kennaway and his associates 
the carcinogenic potency pure 6-dibenz- 
anthracene—the first substance its kind recorded— 
extensive animal tests were carried out the London Cancer 
Hospital group (Cook, Hieger, Kennaway Mayneord, 
1932), both painting the skin and subcutaneous 
injection. dibenzanthracene, like other hydrocarbons, 
insoluble water, they employed lard olive oil con- 
venient vehicles for subcutaneous injection dibenzanthra- 
cene rats and mice. order extend this investigation, 
Burrows (1933), the same department, injected two fowls 
with similar preparation dibenzanthracene dissolved 
heated lard, and one these birds developed spindle-cell 
sarcoma the site injection. 

about the same time, the writer (Peacock, 1933) 
independently carried out similar experiment fowls, 
but injected dibenzanthracene dissolved heated lard the 
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right pectoral muscles, and heated lard only the left side. 
Both portions lard were simultaneously heated the 
same hot plate 140° for minutes, during the solution 
the dibenzanthracene crystals, and both were cooled 
40° before injection. Seven birds developed sarcomata 
right side (dibenzanthracene) and both sides. 
each injection was checked two assistants, and other 
precautions were adopted avoid any possibility confusion 
the injections, this result seemed indicate either that 
lard heated for minutes was carcinogenic, 
that some way determined remote carcinogenic action 
dibenzanthracene. elucidate this unexpected result, 
the writer initiated research which still progress, and has 
yielded evidence carcinogenicity fats and cholesterol 
after heating 270° more (Beck, 1941 Beck, Kirby 
Peacock, 1945). But further evidence carcinogenic 
action lard heated 140°C. has been found. Lard 
unfortunately not constant mixture, and qualitative differ- 
ences between samples probably account for some the 
variable results reported different investigators. 


Burrows, Hieger Kennaway (1936) published the results 
extensive experiments with lard, olive oil, and other fatty 
materials rats and mice, some which they had men- 
tioned earlier publication (1932) when the results were 
negative. tumours were induced mice any the 
fats and lipoids tested, but out 217 rats developed 
spindle-cell tumours the site injection, though the 
authors were cautious classifying them 
tumours. Five these tumours occurred the site 
control lard injection, and the site lard containing 
oleic acid theelin respectively. These authors also 
lard previously heated 340-360° stream nitrogen, 
and then extracted with petroleum ether and aqueous sodium 
carbonate. The petroleum ether was removed distilla- 
tion CO, and the alkaline extract was acidified and the 
precipitate formed was washed with water, dried, and 
mixed with lard the proportions 1:3. Both these 
fractions were injected into rats and mice. mouse 
tumours were observed, but the rats surviving one year 
after injection with the petroleum-ether-soluble fraction 
developed large tumour which was autografted and grafted 
into unspecified number animals, but without success. 
The rat died soon afterwards without metastases, but the 
tumour showed spindle-celled areas, but was mostly 
more fibromatous character than are the great majority 
tumours produced connective tissues carcinogenic 
hydrocarbons 

The alkali-soluble fraction also yielded one tumour which 
was more but which could not propagated 
grafting. the foregoing experiments, elaborate precautions 
were taken against possible contamination apparatus 
animals traces chemical carcinogens the wisdom 
such precautions became more evident the light subse- 
quent experience. Although the London Cancer Hospital 
group hesitated describe these tumours sarcomata the 
absence metastases successful grafting experiments, 
their illustrations show locally-invasive tumours which, 
judged the light later work, merit, the writer’s opinion, 
classification sarcoma. 

These results are given some detail, they seem 
the first records neoplastic growth induced naturally- 
occurring fats heated within the range temperatures that 
can occur domestic cooking. This aspect was not stressed 
the authors. 
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CARCINOGENIC ACTION 
Thus ten years ago there was prima facie case against 

heated lard potential carcinogen (using this term 

cover the induction all kinds malignant 

About this time the obvious implications the available 
facts about carcinogenic hydrocarbons and heated lard led 
the writer (and doubt other investigators) study 
methods cooking heated fats and oils. The high 
incidence gastric cancer human beings contrasted 
with the very low incidence all other species, far 
known, points clearly some essentially human habit 
attribute aetiological importance. The variations 
incidence gastric cancer different human communities, 
however, point rather habits than inborn human 
qualities being mainly responsible. example, the 
incidence gastric cancer about twice high Holland, 
Sweden and Denmark, Britain, while within Britain 
the incidence varies greatly different economic groups, 
being highest the poorest classes. (For critical discussion, 
see Cramer, Peacock, 1943.) 

Roffo has written extensively the subject heated fats 
and cholesterol carcinogens, and claims have induced 
cancer the squamous-lined forestomach rumen rats, 
which has human counterpart, and the glandular 
stomach, feeding them with several heated fats and heated 
cholesterol. While some Roffo’s results (1938) are 
accord with those other investigators, his evidence 
regard the induction gastric adenocarcinoma seems 
inadequate. Moreover, his spectrographic evidence for 
the formation benzpyrene heated fats and cholesterol 
has been adversely criticized Cook Kennaway (1940) 
and contrary the experience the writer 
colleagues. (Roffo’s work was also criticized review 
Klein Palmer, 1941.) 


Minimal Effective Concentrations Carcinogens 


this point desirable consider some technical 
difficulties investigating minimal effective quantities 
carcinogens, Shear (1936) has recorded the induction 
sarcoma mouse the site implantation cholesterol 
This seems the smallest recorded effective dose 
known carcinogen, and judged gravimetric standards 
indeed small. Yet represents approximately one 
thousand million million molecules dibenzanthracene. 
spectrographic methods solution containing one part 
ten million benzpyrene acetone can distinguished 
from the solvent alone, yet for practical purposes one cannot 
easily work with less than 0-1 ml. such solution, which 
would contain about gamma, roughly million 
million benzpyrene. Below this level not 
possible detect the presence benzpyrene with certainty 
current methods analysis and, even our methods 
should become million times more sensitive, would still 
impossible identify quantities million molecules 
benzpyrene extract. the theoretical limit for 
carcinogenesis would the action one molecule 
carcinogen one cell, must recognized that failure 
identify any known carcinogen, substance that has been 
shown animal tests carcinogenic, does not exclude 
the possibility that this action may due the presence 
some millions molecules carcinogenic hydrocarbon. 


This justifiable etymologically, Greek word for 
“erab” (Latin, cancer), at a time when histological classification was impossible. 
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urgently necessary, therefore, investigate the 
lowest effective dilution pure chemical carcinogen, and 
until this has been carried further cannot afford 
dogmatic about the nature the carcinogenic action 
heated fats. 

judging the results injection heated fats and 
lipoids, the foregoing facts must borne mind, and 
comparison with such substances benzpyrene and methyl- 
cholanthrene may give false impression, these pure 
substances detectable amounts must rarely constitute 
risk outside laboratories and certain industrial plants. 

Table summarizes the results tests conducted this 
laboratory. will noted that there positive evidence 
carcinogenic properties fats cholesterol heated 
less than 270°to 300° This keeping with Kennaway’s 
early observations the carcinogenicity various fractions 
synthetic tars. set the limit which tem- 
perature appeared indicate very roughly the boundary 
between the lower-boiling, non-carcinogenic, 
boiling the same paper (1930) describes 
carcinogenic fractions synthetic tars prepared from 
tetralin after distillation between 205°-260° C., but not with 
lower-boiling fractions. 

number other investigators have reported similar 
results those obtained here. Reference these may 
found the comprehensive reviews Cook Kennaway 
(1938, 1940) and Cook, Haslewood, Hewett, Hieger, 
Kennaway Mayneord (1937). 

Feeding-experiments have given less satisfactory results. 
described (Beck Peacock, 1941) condition gastro- 
papillomatosis rats fed apparently adequate diet 
which heated lard had been added. The fat was either 
heated 220° for hours, 350° for hour under 
conditions similar those domestic cooking. This result 
was complicated the fact that the diet induced avita- 
minosis-A interfering with the storage the vitamin 
the liver. similar lesions the stomach can caused 
wide variety dietary deficiencies, this type result 
cannot regarded satisfactory evidence carcino- 
genicity. tests heated lard were carried out 
Morris, Larsen Lippincott (1943), who failed obtain 
gastric tumours rats receiving much 50% lard 
they induced chronic gastric ulcers and fatty degeneration 
and cirrhosis the liver. 

The failure such experiments does not preclude the 
possibility that heated fats may have some relation the 
aetiology gastric cancer, and seems possible, the light 
present-day knowledge, that the presence even undetect- 
able amounts carcinogens the diet over long period 
years might induce tumours under the influence other 
substances co-carcinogens. The way which croton oil 
resin can develop the action sub-effective amounts 
carcinogenic hydrocarbons was well illustrated Mottram 
(1944), shortly before his death. Although croton oil 
rarely used therapeutically, and never article diet, 
there may well other, unsuspected, co-carcinogens 
common use which could develop the action sub-effective 
doses carcinogens. 

Light possible modes action fat-soluble carcinogens 
comes from experiments yet another kind, The natural 
route for elimination many fat-soluble, water-insoluble 
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Author substance 


Cottonseed 


Cottonseed 
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TABLE 


Temperature and time 
of heating 


340°-360° 


200°-220° 


hours 


Peacock 


Method of Yield of Nature of 
Administration tumours Tumour 
hour ml. subcutaneously (12) 2/6 


sarcomas after 
414 and 538 days 


0-5 subcutaneously (12) 


Cottonseed oil Unheated 0-5 ml. subcutaneously (12) 
Beck, Kirby Peacock 20% cholesterol hour 0-5 subcutaneously (18) 1/8 
(1945) olive oil cotton- sarcoma after 


seed oil 


cottonseed oil 


Residue from heated 
cholesterol 20% 
olive oil 


cholesterol stere- 
ate arachis oil 
tate arachis oil 


arachis oil 


acetone 


substances, including carcinogenic and non-carcinogenic 
hydrocarbons, mainly way the liver, biliary passages 
and alimentary canal (Peacock, Chemically stable 
fat-soluble substances ingested over long period would 
probably reach higher concentration the liver than 
most other tissues. Shabad (Kleinenberg, Neufach Shabad, 
1940) first drew attention human liver source 
carcinogens, and his work has been confirmed independent 
investigations (Hieger, 1940; Des Ligneris, 1940; Steiner, 
1942), though the nature these substances has not yet been 
determined. The carcinogenic material present the 
unsaponifiable and fat-soluble fraction the liver, but 
has not yet been established whether there regularly 
higher concentration potential carcinogen the liver 
cancer patients than the liver non-cancer patients 
similar age-groups, though the available evidence suggests 
that this may so. quite possible that this apparently 
endogenous source chemical carcinogens really 
exogenous origin and merely accumulated the liver. 
any rate does not seem come from the tumour, 
tumour-extracts prepared the same manner are non- 
carcinogenic. 

Steiner (1942) makes the interesting point that, cancer 
viewed disease individual cells, then the risk 
individual epithelial cells the human extra-hepatic biliary 
passages much greater than that gastric epithelial cells, 
the total cell populations the two organs are roughly 


hour 


hour 


hour 


25% cholesterol palmi- 300° 


hour 


hour 


hour 


NOTE.—The numbers brackets give the initial numbers mice under test. 
animals surviving the time the first appearance. 


386 days 
painted 


0-5 ml. subcutaneously 
sarcoma after 


345 days 
0-5 ml. subcutaneously (18) 


0-5 subcutaneously (24) 0/24 


0-5 subcutaneously (18) 


painted (18) 3/4 regressing, 
persistent 
papilloma; 

earliest 460 
days 


Fractions give the ratio tumours 


the proportion 300, whereas the incidence cancer 
about 60. This seems suggest that the bile would 
better source potential carcinogens than liver, but far 
there insufficient evidence determine this point. Small- 
scale investigations samples bile from cancer and 
non-cancer groups patients this laboratory have not 
given any evidence the presence carcinogens either 
group samples. this connection should remembered 
that, the case benzpyrene, excretion the hydrocarbon 
the liver effected metabolism 8-hydroxy- 
benzpyrene, though about excreted unchanged 
(Peacock, 1936; Chalmers Peacock, 1936; Chalmers 
Kirby, 1940; Chalmers Crowfoot, 1941). 

Evidently are only beginning understand how 
carcinogens may derived from seemingly harmless articles 
diet, and even from apparently normal tissues and 
means certain that any the common forms human 
cancer are, fact, caused such potential carcinogens. 
However, the purpose cancer investigators reduce 
the risks carcinogenesis, and this end any substance 
that has been proved carcinogenic, any tissue any 
species animal, must regarded potentially carcino- 
genic for other tissues and other animals. Judged this 
basis, which may err the side safety, methods cooking 
that involve heating fats and oils temperatures about 
300° provide source potential carcinogens. 
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Actions oestrogen tissue-growth 
Pituitary tumours 

Mammary cancer 

Uterine fibromyomata 

Uterine adenomata and carcinomata 
Ovarian tumours 

Tumours the testis and epididymis 
Benign enlargements the prostate 
Adrenal tumours 

Subcutaneous sarcomata 

Leucaemia 

Tumours bone 

References 
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oestrogen any chemical compound which will induce 
cornification the vagina adult mouse, like that which 
occurs normal oestrus. Such compounds are formed 
naturally the ovaries, placenta, adrenals and testes. 
addition, numerous oestrogens, which are unknown 
natural products, have been synthesized. These compounds, 
natural artificial, all act alike the body, though the 


* With the kind permission of the Cambridge University Press, free use has 
been made in this paper of Biological actions of sex hormones, by Harold 
Burrows, 1945. 
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Tests the kitchen the Glasgow Royal Cancer Hospital 
showed that the temperature fat used for deep frying did not 
exceed but frying open pan, and roasting and 
grilling may expose the surfaces fatty foods higher tem- 
peratures. not unreasonable, therefore, consider whether 
the statistical evidence regard human cancer, particularly 
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speed and duration the results, and the effective quantities 
drug, vary with their rate solution and metabolism, and 
with the special characters the recipient. However, every 
oestrogen has two noteworthy biological (i) 
acts specifically structures concerned with reproduction 
and (ii) certain conditions may cause tumours 
these organs. Although the neoplastic influence 
oestrogens not quite limited this specific way—for they 
may bring about subcutaneous sarcomata, leucaemias, and 
tumours bone—yet the limitation close enough form 
characteristic feature. 

one respect the carcinogens and gonadal hormones 
overlap their potencies, for, according Bullough (1946), 
oestrogens, androgens and carcinogens all stimulate mitosis 
throughout the body. The cells the female reproductive 
system, however, are sensitive oestrogens, 
those the male organs are androgen. 

Fig. are structural formulae some the best-known 
natural oestrogens and for comparison the constitutions 
some other natural compounds are shown Fig. For 
consideration with these, several artificial oestrogens are 
shown Fig. 


Actions Oestrogen Tissue-growth 


Arrest Normal Tissue-growth 

some circumstances the growth particular tissues 
prevented oestrogens. Thus, they check the supply 
follicle-ripening hormone from the anterior lobe the 
pituitary and stop the development the ovarian follicles 
or, when present excess, oestrogens impede rather than 
enhance the growth the mammary ducts. 


ii. Stimulation Growth Special Organs 

Specificity action. The stimulating effect oestrogens, 
already said, mainly confined the female organs 
reproduction. This specificity independent the sex 


the alimentary canal, can further correlated with experi- 
mental data, and, so, whether modification cooking methods 
designed prevent minimize the cooking food 
peratures above would not justifiable. Clinical 
research based thorough investigation life-long dietary 
habits might yield useful information this subject. 
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FIG. SOME WELL-KNOWN NATURAL SOME NATURAL NON-OESTROGENIC 
OESTROGENS STEROIDS THE OESTROGENS 
oestrone 
cholesterol ergosterol 
CH; 
progesterone 
equilenin CH; 


deoxycorticosterone 


FIG. 


stilboestrol hexoestrol 
(Dodds, Goldberg, Lawson & Robinson, 1938) (Campbell, Dodds & Lawson, !938) 


C=C 


triphenylethylene 


(Robson Schénberg, 1937) bromoethylene (DBE) 
(Robson & Schénberg, 1942) 


CH, CH, 

anthracene benzoestrol 

(Cook & Dodds, 1933) (Blanchard & Stebbins, 1945) 
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the individual, and homologous tissues the two sexes react 
alike the capacity respond innate each individual 
cell, unaffected its neighbours, and not abolished 
transplantation into another part the body into another 
individual, whether the same the opposite sex. 

Gradients responsiveness. The potency oestrogen 
varies degree, not only between one organ and another, 
but also different parts single organ. 

Localization hyperaemia and inflammation. For obvious 
reasons hyperaemia will probably enhance the local effective- 
ness hormone carried the blood-stream; and 
inflammation certainly causes increased concentration 
oestrogen the affected region (Brunelli, 1935). Perhaps 
the observation Wade Doisy (1935) that daily swabbing 
alone may induce oestrogenic effects the spayed rat’s 
vagina may explained this foundation, for spaying does 
not lead total disappearance oestrogen from the blood. 

Reversible and irreversible effects. After adolescence, 
though not before, most the effects oestrogen are 
reversible, and such rule innocent tumours conform 
this respect cancer exceptional. 

Effects sex and repeated administration, Results obtained 
Steinach Holzknecht (1916), who transplanted the 
testes guinea-pigs into females, and ovaries into males, 
seem indicate that males are more reactive than females 
oestrogens; the other hand, some adaptational 
resistance oestrogen male mouse after prolonged 
administration has been recorded (Burrows, 1937). 

Inactivation and excretion oestrogen. The effects 
oestrogen depend for their degree upon the rate its 
inactivation the liver and its excretion the kidneys and 
bowel. These processes have obvious implications. The 
occasional appearance gynaecomastia men with hepatic 
cirrhosis seems illustrate the statement. The action the 
thyroid and the general metabolic rate also have 
considered. 

Other factors concerned with the appearance oestrogenic 
effects. There not space here enumerate every detail 
affecting the degree and nature oestrogenic action. The 
hindrance the production oestrogen and the antagonism 
some its effects displayed androgen one these, 
and so, too, might mentioned the various co-operative and 
antagonistic effects the gonadotrophins toward each other. 
Later shall have occasion remark that ill-health, and 
especially that due deficient food-supply, materially 
reduces the production oestrogen the living organism, 
and consequently reduces the liability oestrogenic cancer. 

Bearing mind this summary facts, attention may 
given the neoplastic effects oestrogens. 


Pituitary Tumours 


The cells the anterior lobe the pituitary gland respond 
oestrogens considerable variation their numerical 
proportions and cytological characters. Chromophil cells, 
for instance, diminish numbers, with corresponding 
increase the chromophobe cells. These changes may, 
sufficiently prolonged, give rise enlargement the anterior 
lobe whole. Under conditions excessive stimulation, 
the gland passes ultimately into exaggerated state hyper- 
plasia, having the characteristics adenoma. the 
literature experimental induction pituitary tumours, 
and their spontaneous occurrence certain strains rats, 
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there some confusion which tumours may classified 
true adenomata and which should really placed the 
category functional hyperplasias. 

Spontaneous tumours the pituitary gland occur 
frequently male and female rats certain strains (Martins, 
1936; Wolfe, 1941 Saxton Graham, 1944) and rarely 
other strains. mice these tumours are rare, the incidence 
being low that, for instance, according Slye, Holmes 
Wells (1931), only one such tumour was found 11,000 
mice. Wolfe (1941) noted inbred strain rats that 
advancing age was associated with reduction the acidophil 
cells and progressive enlargement the gland whole. 
Similarly, Saxton Graham (1944) recorded the appearance 
chromophobe adenomata males and 30% 
females the Yale strain. There some doubt whether 
these authors were dealing with true adenomata. The 
spontaneous enlargement was inhibited, according Wolfe 
(1941), repeated daily injections testosterone propionate. 
Saxton Graham (1944) made homologous intra-ocular 
transplants and concluded, however, that the tumours could 
more closely identified with neoplasia than with focal 
hyperplasia, although they produced evidence actual 
metastasizing new growths. There doubt that, some 
strains rats, ageing accompanied hormonal 
imbalance sufficient cause growth and cellular changes 
the pituitary gland, the swellings which some instances 
may resemble adenomata. 

1936 the formation pituitary tumours mice and 
rats after prolonged oestrogen administration was described 
(Cramer Horning McEuen, Selye Zondek). 
These results were confirmed Burrows (1936a) and 
Deansley (1939) among many others. Burrows (1936b), 
treating mice over long periods with oestrone, has obtained 
nodulated pituitary tumours which occupied one-third the 
cranial cavity, and insome cases caused exophthalmos with 
other obvious physical signs. None these workers was able 
claim, however, that the tumours metastasized possessed 
all the characters true neoplastic growths. Deansley (1939) 
found that, the oestrogen treatment was stopped, the glands 
gradually returned their normal size, even though they had 
been stimulated the oestrogen adenomatous dimensions. 
The condition was therefore maintained only the presence 
excessive amounts oestrogen, and could reversed 
even inhibited the outset, Cramer Horning (1938) 
showed, the simultaneous injection thyrotrophic 
hormone with the oestrogen, 

should noted that the hyperplastic reaction caused 
excess oestrogen, far the present evidence shows, 
confined rodents, and cannot said that oestrogen 
invariably induces the same type 
stimulates the formation acidophil cells, according 
Baker Everett (1944), whereas naturally-occurring 
oestrogens increase the number basophils (Desclin, 
1935; Severinghaus, 1936). treating different inbred 
strains mice with oestrone from birth, Lacassagne 
Nyka (1937) showed that the pituitary gland each strain 
reacted differently equal doses the same hormone. 
These observations were confirmed Strong 
(1940). 

Vazquez-Lopez (1944), working with the hamster, Cricetus, 
has succeeded inducing adenoma-like hyperplasia 
pars intermedia cells prolonged oestrogen administration, 
which its early stages recalls the spontaneous basophil 
invasion the pars nervosa found not uncommonly the 
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human gland. Unlike the anterior lobe tumours, described 
rats and mice previous authors, there much more 
invasive growth the tumours hamsters. The cells 
extend some cases into the anterior lobe, throughout the 
pars nervosa and upwards through the stalk the pituitary 
enter the wall the third ventricle. Nevertheless, this 
author still reluctant consider the tumours produced 
truly neoplastic. More recently Vazquez-Lopez (personal 
communication) has found that prolonged administration 
stilboestrol, combined with thiourea, causes the development 
rats tumours more convincing malignant character. 
oestrogens will found ultimately give rise 
truly cancerous proliferation pituitary glandular cells 
remains undecided. any case, the reactions 
found rodents can produced only excessive oestrogen 
administration ranging over long period the normal 
life-span, comparable humans, Cramer Horning 
(1936) have pointed out, period years. The 
therapeutic administration oestrogens therefore seems 
unlikely result the formation human pituitary 
adenomata tumours hyperplastic origin. 


Mammary Cancer 


Fifty years ago the ovaries were thought responsible 
for mammary cancer (Beatson, 1896). Since then the 
hypothesis has been found correct, and various workers have 
shown that the disease mice can largely prevented 
removal the ovaries youth (Lathrop Loeb, 
Loeb, 1919; Cori, 1927; Murray, 1928). Later was 
learned that, mice are spayed the day after birth, some 
recovery oestrogenic power apt occur, probably due 
increased formation oestrogen the adrenals 
and although mammary cancer may follow, its incidence 
reduced and the disease occurs later life than mice which 
have not been spayed (Fekete, Woolley Little, 1941). 
Murray (1928; 1930) found that cancer the breast may 
develop castrated male mice into which ovaries have been 
transplanted and similar result has been reported 
Jongh Korteweg (1935). instance spontaneous 
mammary cancer male mice had been recognized until 
Athias (1945) and Athias Furtado Dias (1941) described 
the occurrence single strain (H), and these mice the 
disease associated with abnormality the testes. 

Our knowledge advanced when was shown that the 
ovarian factor carcinoma the breast present the 
follicular fluid the ovary (Goormaghtigh Amerlinck, 
factor was eventually isolated from the liquor 
folliculi sows’ ovaries MacCorquodale, Thayer Doisy 
(1936) and identified Before this date, 
oestrone had been obtained pure form from the urine 
pregnant women Doisy, Veler Thayer (1929) and 
very shortly afterwards Butenandt (1929) working inde- 
pendently. To-day, numerous pure oestrogenic compounds, 
natural and synthetic, are available for biological experi- 
ments, and every one them which has been tested for the 
purpose has been found able cause cancer the breast 
male and female mice, including oestrone (Lacassagne, 
1932 Burrows, 1935), oestradiol (Gardner, Smith, Allen 
Strong, 1936), Girard’s equilin and equilenin (Lacassagne, 
1936; Gardner, Smith, Strong Allen, 1936), triphenyl- 
ethylene (Robson Bonser, 1938), and stilboestrol (Lacas- 
sagne, 1938). Geschickter (1939), Eisen (1942), and Nelson 
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(1944) have induced mammary cancer rats with oestrone, 
oestradiol dipropionate, and stilboestrol. 

Although oestrogen leading agent causing mammary 
cancer, has this effect only the presence other factors. 
Many pure strains mice are now available, some 
incidence mammary cancer the untreated females and 
these mice the males also are apt have cancer the 
breast after treatment with oestrogen. the other—low- 
cancer LC—strains, spontaneous mammary cancer rare 
the females and not usually produced the males 
oestrogen (Lacassagne, 1933, 1935; Twombly, 1940; 
Bittner, 1941). The difference between these two kinds 
mice caused the presence absence certain hereditary 
factors. this connexion may noted that the trans- 
planted ovary mouse, providing oestrogen, may 
induce cancer the breast male, but only belongs 
strain (Little, 1936). 


Hereditary Factors Required for the Induction Mammary 
Cancer 

Genic factor. Though genes play some part suscepti- 
bility cancer the breast mice, the part small, for 
these animals the susceptibility transmitted mainly through 
the mothers. The small paternal influence genic (Lathrop 
Loeb, Cloudman Little, 1936; Korteweg, 1936) 
and both Bittner (1940a), and Andervont (1940) believe this 
genic factor mendelian dominant. uncertain 
whether (Andervont McEleney, 1941) the genic factor 
affects the susceptibility the mice the cancer-producing 
tendency oestrogen whether controls the non-genic 
hereditary factor itself. 

Non-genic hereditary The predominance here- 
ditary factors unconnected with chromosomes clearly 
shown Little (1933), who cites the findings four inde- 
pendent inquirers (Table displaying how little share the 
paternal genes exert the incidence this form cancer. 


TABLE EFFECT INCIDENCE MAMMARY 
CANCER MICE CROSSING HIGH-CANCER 
(HC) AND LOW-CANCER (LC) STRAINS (Little, 1933) 


Percentage of mammary 


Type of cross 
—— tumours in Ist generation 


Experiment Female Male of females 
68-11 
86-3 
0-0 
0-0 


Korteweg (1936) obtained similar results his experiments 
show also that the occasional small increased genic suscepti- 
bility the offspring low-cancer strain mother and 
high-cancer strain father may continued the second 
(F,) generation. That the non-genic hereditary factor 
transmitted mice the mothers alone has been clearly 
established Murray Little (1936), Bittner Little (1937) 
and others. man the existence this kind factor 
uncertain. Wassink Wassink van Raamsdonk (1923), 
Waaler (1932) and Wassink (1935) have found indications 


4[See also the paper by G. M. Bonser, on the genetics of cancer, in an earlier 
issue (BMB 876).—Ep.) 
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familial tendency this kind man, though other 
searchers have failed (Passey, 1942). 

have now consider how the non-hereditary factor 
transmitted from mother child. Bittner Little (1937) 
transferred fertilized ova from mothers into the uteri 
mice and the tendency mammary cancer disappeared 
from the young which had been treated this way. Fekete 
Little (1942), the other hand, showed that ova trans- 
ferred mothers thereby acquired special liability 
cancer the breast. Moreover, has been shown that the 
factor conveyed the young the mother’s milk, for 
new-born mice suckled mothers acquire thereby 
lower chance getting cancer than characteristic their 
strain (Bittner Little, 1937). Such effect, however, 
results only the transference done almost immediately 
after birth (Bittner, 1939; Andervont McEleney, 1939, 
1941). Furthermore, Andervont, Shimkin Bryan (1942) 
found that the susceptibility this factor seems decrease 
soon after birth, although the factor itself remains present 
the mother’s milk throughout lactation (Bittner, 1940b). 
the non-genic factor has been eliminated from mice 
strain, their greatly reduced liability mammary 
cancer continued subsequent generations (Bittner, 1937). 

The mother’s milk not the only medium which this 
factor can transferred the young, for can conveyed 
mice implantations tiny pieces spleen, thymus 
blood derived from mouse (Bittner, 1939, 1940b 
Woolley, Law Little, 1941). 

Absence the non-genic factor from mouse does 
not mean that the mouse resistant this factor may 
fact very susceptible it, whereas mice certain other 
strains show high resistance against the factor (Ander- 
vont, 1940; Murray, 1941). 

The continuance susceptibility cancer under the 
influence oestrogen, once has been established the 
presence the non-genic factor, continues from generation 
generation, which shows that the agent multiplies the 
body, and that may virus; its dimensions accord 
with such concept (Visscher, Green Bittner, 
Bryan, Kahler, Shimkin Andervont, 1942). 

may added here that the development uterine 
cancer response oestrogen not dependent the 
presence this non-genic factor (Allen Gardner, 1941). 


Uterine Fibromyomata 


The experimental induction uterine fibroids laboratory 
mammals oestrogen administration confirmed many 
authors. The development these tumours can inhibited 
and, some cases, prevented, endocrine therapy. 
encouraging further find that recent clinical work the 
origin and treatment this disease women accord 
with the experimental results obtained animals. 

Lacassagne (1935) found fibromyomatous changes the 
uteri rabbits and mice, following the injection oestrogens. 
also noted that the reaction the uterine stroma 
oestrogens varies degree different strains inbred mice. 
Later Nelson (1937), Moricard Cauchoix (1938), and 
Lipschiitz Inglesias (1938), using different oestrogenic 
compounds, induced uterine tumours guinea-pigs. Ovariec- 
tomy, according Lipschiitz, Rodriquez Vargas (1939), 
accelerated the appearance uterine fibroids these rodents. 
was also found that small dosages oestrogen were more 
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effective than larger ones 1942), although 
difference existed the reaction the uterus oestrogens 
different species. According Lipschiitz Vargas 
(1940), stilboestrol the most potent oestrogen for the 
production uterine fibromyomata guinea-pigs. 

benzoate the uteri guinea-pigs, succeeded further 
hastening the development the tumours, all which arose 
the site implantation early days after treatment 
commenced. interest note that Inglesias 
Vargas (1939) found that the tumours regressed when 
oestrogen treatment was terminated. There is, therefore, 
similarity between fibromyomata and the adenomata the 
pituitary which arise after prolonged oestrogen administra- 
tion, since the latter also regress when treatment 
discontinued. 

Vargas (1943) demonstrated that oestrogens not act 
through the pituitary causing uterine tumours guinea- 
pigs, although indirect action this kind does take part 
the origin mammary cancer mice. Thus, Vargas 
succeeded producing experimental uterine fibroids with 
oestrogens hypophysectomized animals, and noted that 
continuous administration the hormone the same 
rodents failed stimulate growth the mammary glands. 

That androgens progesterone afford some protection 
against the tumour-producing effect oestrogens seems 
likely, since Vargas Ruz (1939) found that 
testosterone propionate, injected proportion 22: 
against oestradiol benzoate, inhibited uterine tumour 
formation, Similar results were obtained when progesterone 
was given simultaneously with oestrogen. 

There further aspect the problem uterine fibromata 
found connexion with vitamin deficiency. Tumours, 
those induced oestrogens, develop rats kept 
diet deficient vitamin (see Martin Moore, 1939 
Barrie, 1938). Shute (1944) has made the suggestion that 
all vitamin-E deficiencies, the blood-level oestrogens tends 

Turning the clinical field, find wealth evidence 
linking uterine fibroids with oestrogenic stimulation (see 
Tietze, 1934; Witherspoon, 1935; Pineda Porres, 
Austin Ramsey, 1944; Greenblatt, Perloff, 1942 
Shute, 1944), Ovarian tumours, functional menorrhagia, 
and other conditions associated with high level oestrogen 
the blood-stream, may occur subjects having uterine 
fibromata allied conditions. Regression these tumours 
women follows well the implantation 
injection testosterone propionate, just does 
laboratory animals (see Greenblatt, 1943; Perloff, 
Shute, 1943). Similar results may obtained, according 
Shute (1944), treatment with progesterone vitamin 

From all these observations clear that care must 
taken with the administration hormones affecting the 
uterine tissues. seems likely, for instance, from the reports 
Portes (1938) and Shute (1936), that prolonged treatment 
dysmenorrhoea with oestrogen may lead some cases the 
development uterine fibroids. Moreover, recent 
review Scheffey, Farell Hahn (1945), pointed out 
that the hasty diagnosis benign uterine fibroids, some 
which may actually malignant uterine tumours, not 
without danger endocrine therapy employed. 
Hormonal treatment malignant conditions the uterus 
would prove not only useless but harmful. 
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Uterine Adenomata and Carcinomata 


Epithelioma the cervix. keratinizing metaplasis 
the lower terminal end the uterus familiar experi- 
mentalists result the continued administration 
oestrogen. The condition occurs rhesus monkeys 
(Overholser Allen, 1933 and others) well rodents. 
Experimentally, however, unquestionable instance 
cervical cancer was caused this method any animal 
until Allen Gardner (1941) found that could induced 
this way mice the CBA strain, crosses this 
strain with C57 mice. benzoate weekly doses 
mice. Their observations have since been confirmed 
others (Miller Pybus, 1942), and they leave doubt 
that, given suitable conditions, oestrogens may bring about 
epithelioma the cervix. 

Adenoma and that 
oestrogens may be, part least, the cause uterine 
adenomata mainly observational. women, the associa- 
tion adenoma and adenocarcinoma with other lesions 
known due excessive oestrogenic action recognized, 
and fibroids, polypoid adenoma, endometrial hyperplasia 
and carcinoma may all associated single patient, and 
have been observed women with certain ovarian tumours 
which produce oestrogen, e.g. granulosa-cell tumours. 

Endometrial carcinoma common rabbits. Greene 
Saxton (1938) reported instances this disease their 
own rabbits, and Greene (1941) believes there abundant 
evidence that oestrogen cause. One the writers 
(Burrows, 1940) recorded cases endometrial cancer 
occurring among his rabbits, and these cases 
carcinoma the breast was present addition. all the 
affected rabbits the primary tumours were multiple, and 
several the animals malignant tumours were accompanied 
seemingly innocent adenomatous polyps, and occasionally 
fibromyomata were present also. The ovaries these 
rabbits were enlarged, yellow colour, and consisted mainly 
lutein-like cells, and the breasts not rarely were affected 
with cystic mastopathy. These experiences have been 
confirmed later and more extended experience. The 
results strongly suggest that oestrogen the main, though 
perhaps not the only, etiological factor this form 
malignant disease. 


Ovarian Tumours 


There are two features which suggest the possibility that 
ovarian cancer may caused some specific agent conveyed 
the blood-stream. One these the considerable 
frequency with which both ovaries are affected, and the other, 
less striking fact, that malignancy may become imposed 
some innocent abnormalities the ovary. Experimental 
work has not hitherto revealed the existence any such 
specific agent. Concerning innocent tumours the ovary, 
including multilocular cysts and endometriosis, does appear 
that oestrogen may regarded causal agent. Champy 
(1937) has found that continued subjection mammals 
injection with oestrogen nearly always brings about invagina- 
tions the germinal epithelium with the formation 
multiple mucoid cysts. the course time, says, 
papillomata are apt develop from the cyst-walls. 

While mentioning these observations Champy, has 
admitted that the possible causation ovarian tumours 


372 


oestrogen has received little substantiation the 
laboratory, and firm opinion the subject present 
hardly justified. 


Tumours the Testis and Epididymis 


Testis. Tumours the testicle, like those the ovary, 
are frequently bilateral, and some instances least, 
oestrogen appears etiological agent. Burrows 
1936; 1937) showéd that under repeated cutaneous 
applications oestrogen, there occurred some mice 
great increase the number and size the intertubular 
glandular cells, while the tubular epithelium gradually 
became eliminated. result the testes became enlarged, 
yellowish colour, and tended globular shape. Though 
usually unequal degree the two testes, the condition was 
bilateral rule, and these mice, which were non-pedigree 
animals obtained from dealer, instance malignancy 
occurred. Gardner (1937), confirming these observations, 
found that the condition could caused some strains 
mice more readily than others. gave large doses 
oestrone benzoate (500 international units) equilin 
benzoate (0.1 mg.) once week mice the following 
mice was this hypertrophic condition the Leydig tissue 
produced. These results were confirmed Shimkin, 
Grady Andervont (1941), 

Bonser Robson (1940), like Gardner, found that the 
Strong mice were particularly susceptible this condition, 
They gave the synthetic oestrogen triphenylethylene mg. 
subcutaneously once week) mice the strains III, 
CBA, and Strong the Leydig tissue 
appeared only the Strong mice, and them the condition 
occasionally suggested the presence malignant change, 
metastastis being suspected one. later paper Bonser 
(1942) states that bilateral interstitial-cell tumours developed 
the testicles every one Strong mice which had 
been treated the way just mentioned and had survived for 
weeks. now well established that interstitial testicular 
tumours with metastases can induced oestrogens 
Strong mice (Hooker, Gardner Pfeiffer, 1940 Hooker 
Pfeiffer, 1942). 

may noted that Fell (1922) recorded comparable 
hyperplasia the interstitial tissue the scrotal testicle 
pseudohermaphrodite pig. 

The writer attempted produce tumours injecting 
mg. equilin into the testes rabbits. The 
injections were given once week for weeks and were 
usually made into the right testis, but occasionally into the 
left the right appeared excessively tense. Eventually one 
the two survivors was killed because seminoma the 
left testis with metastases. Possibly, some circumstances, 
cancer the testis may caused the rabbit, the 
fowl, non-specific injury the organ other laboratory 
experience suggests such possibility. Does such trauma 
lead the testis itself produce oestrogen? occasional 
result injury the testis man gynaecomastia, and the 
association suggestive. 

may that the malignancy which often affects 
undescended testicles man attributable the formation 
oestrogen. Facts which suggest such possibility are the 
following 

Undescended testes are apt show hyperplasia the 
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interstitial tissue like that caused certain mice 
oestrogen. 

Malignant tumours growing the cryptorchid testes 
three dogs were all accompanied changes the mammae 
and accessory reproductive organs like those caused 
oestrogen (Greulich Burford, 

iii, Experiments have shown that ovaries mice implanted 
the ear, where they are subjected lower temperature 
than the abdomen, produce excess androgen (Hill 
Gardner, 1936; Hill, 1937, 1941; Hill Strong, 1940; 
Deanesley, 1938). Analogy suggests that testis retained 
within the abdomen may possibly produce excess 
oestrogen. 

iv. special strain mice (H) which spontaneous 
cancer occurs the males, hyperplasia the 
interstitial glandular tissue, like that caused oestrogen, 
present also (Athias Furtado Dias, Athias, 1945). 

Epididymis. Tumours the epididymis, such are caused 
oestrogens, not seem have been observed mice 
rats, though epithelial metaplasia occasional sequel 
the former. Vazquez-Lopez (1944), however, implanted 
oestradiol (10 mg.) subcutaneously male hamsters, 
weeks old, and the end 297 and 327 days the animals 
had carcinoma the epididymis, the condition being 
bilateral one the instances. 


Benign Enlargements the Prostate 


The dependence the prostate the testes, and its 
atrophy after their removal, were long ago recognized 
John Hunter, and the end the last century was seen 
that even benign enlargements the prostate shrank after 
castration. From such knowledge seems clear that, not 
only the normal growth the prostate, but benign enlarge- 
ments also that organ, are caused gonadal hormones. 
Experimentally has been shown that oestrogen excess 
normal supply causes atrophy the secretory elements 
the prostate, together with hyperplasia their fibro- 
muscular stroma (Courrier Gros, 1934, 1935; Van 
Wagenen, 1935a, 1935b; Parkes Zuckerman, 1935); 
and the distribution these changes suggested both 
Jongh (1935) and Burrows (1935) that the benign enlarge- 
ment the prostate elderly men might the result 
relative excess oestrogen. 

The increase fibromuscular tissue found benign 
prostatic enlargement mainly affects that part the gland 
adjacent the uterus masculinus, whereas the lateral lobes, 
though compressed, remain relatively unaffected. explain 
this partition effects has been plausibly suggested that 
man the part the prostate which surrounds the uterus 
masculinus has been derived from forerunners, 
whereas the main body the gland Wolffian origin. 

Unfortunately there has been until lately animal upon 
which these ideas might conveniently tested. remedy 
for this situation seems hand, for Yanine, 
Schwartz, Bruzzone, Acuna Silberman (1945) have lately 
found that prostatic enlargements involving fibromyomatous 
hyperplasia can induced oestrogens the guinea-pig, 
and that this growth can prevented checked the 
simultaneous administration progesterone, deoxycorti- 
costerone, testosterone propionate. 

From the foregoing remarks appears, although 
perhaps not finally proved, that the benign prostatic enlarge- 
ments advancing age may attributed decline the 
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production one more the steroids mentioned, 
relatively the supply oestrogen and that species 
which this hypothesis may tested now available. 


Adrenal Tumours 


relationship between the sex hormones and adrenal 
tumours has long been recognized, but the precise played 
these hormones has been obscure. Clinical evidence has 
shown that excessive amounts androgenic and oestrogenic 
substances may present the urine patients suffering 
from adrenal tumours (Burrows, Cook, Roe Warren, 1937 
Butler Marrian, 1938). Unlike mammary cancer, adrenal 
tumours not normally develop spontaneously mice. 
therefore great interest find that Woolley Little 
(1945) have recently discovered the factors necessary induce 
cortical carcinomata certain inbred strains mice. 

Earlier experiments had indicated that, some inbred 
strains, nodular hypertrophy the adrenal cortex resulted 
from ovariectomy (Woolley, Fekete Little, 1939). Adrenal 
cortical tumours were obtained Gardner (1941) out 
mice the strain, ovariectomized the age 
days. These tumours were accompanied specific 
changes the accessory genital tissues and the skeleton, 
similar those associated with oestrogenic stimulation. 
Woolley, Fekete Little (1940) carried out systematic 
examination the development adrenal and gonadal 
changes different inbred strains mice following ovariec- 
tomy. They found some variation the extent the 
changes, and noted that high incidence spontaneous 
mammary cancer seemed accompanied more 
extensive adrenal cortical neoplasia and greater hyperplasia 
the accessory sex organs, following ovariectomy, than 
occurs mice with low incidence mammary cancer. 
The most striking and consistent results were obtained, 
however, using the strain mice, which has low 
incidence mammary tumours, but high incidence 
ovarian tumours. When mice belonging this strain were 
ovariectomized 1-3 days after birth, developed 
adrenal cortical carcinomata, accompanied changes the 
accessory sex organs. Castration shortly after birth likewise 
led the formation cortical carcinomata 100% the 
males. The tumours both sexes metastasized many 
cases and were found transplantable. regeneration 
the gonads was detected any the operated mice 
autopsy, and adrenal tumours developed either the 
intact males females this strain. 

The condition the accessory sex organs, following 
gonadectomy both sexes, indicated that they had been 
subjected the influence sex hormones. Thus the ovariec- 
tomized females showed, the uterus, vagina, clitoridean 
glands and mammary glands, the changes associated with 
prolonged oestrogenic stimulation. the castrated males 
with adrenal tumours, the seminal vesicles and prostate 
glands were enlarged, and many mice squamous metaplasia 
the prostatic epithelium, and increase the hyaline 
connective tissue the prostatic stroma, had occurred. 
Woolley Little (1945) emphasize the fact that these changes 
were similar those recorded Burrows (1935) male 
mice following treatment with oestrogens. Dorfman 
Gardner (1944) made biological assay ovariectomized 
mice the strain, and discovered that the tumour- 
bearing ovariectomized mice secreted four times much 
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oestrogen their urine and faeces the intact females 
the same strain. 

Taylor Wiseman (1942), and others, have found that 
neoplasia the human adrenal cortex more common 
females. These clinical observations are probably not 
unrelated the findings Woolley Little (1945) that 
ovariectomized mice develop tumours earlier than castrated 
male mice, and that this difference susceptibility seems 
constant within certain strains. further aspect the 
problem has been revealed Woolley Little (1945) that 
adrenals gonadectomized mice, killed varying intervals, 
showed the malignant changes related process 
brown degeneration the zone. Cramer Horning 
(1937) had previously called attention the association 
brown degeneration the mouse adrenal with other forms 
cancer. view the possible relationship between 
vitamin-E deficiency and abnormal oestrogenic stimulation 
(see section uterine fibroids), should noted that 
Hueper Martin (1942) found adrenal tumour 
castrated rat fed diet deficient this vitamin. There 
seems little doubt, therefore, that oestrogenic stimulation 
associated with the induction adrenal cortical carcinomata, 
and remarkable that, order induce these tumours 
experimentally, only two factors are necessary—the selection 
suitable strain inbred mice and the removal the 
gonads early age. 

Since established that the biological activities the 
gonadal and adrenal cortical hormones normally overlap 
(see Burrows, 1945), the one set hormones. acting part 
least substitutes for the other, seems likely, 
Fekete Little (1945) have suggested, that the initial growth 
the adrenal cortex castrated mice may due 
effort the part the adrenal compensate for the 
absence the gonads. Whether continuous injection 


either androgens oestrogens would affect, prevent, the 
formation adrenal tumours gonadectomized mice, does 
not appear have been investigated. 


10. Subcutaneous Sarcomata 


Experimental evidence suggests that the sex hormones are 
endowed with capacity for inducing non-specific cancer. 
Sarcomata the spindle-cell and round-cell varieties have 
frequently developed mice rats, following continuous 
subcutaneous injections oestrogens (Cori, 1927 Suntzeff, 
Burns, Moskop Loeb, 1936; Gardner, Smith, Strong 
Allen, 1936; McEuen, 1938; Burrows, 
neous transplantation these tumours, when attempted, 
was successful. Lacassagne (1939) appears the only 
investigator who has reported the same phenomenon following 
injections testosterone propionate testosterone acetate 
mice. Tumours occurred 35% his 

every case the sarcomata, whether induced the male 
female sex hormones, arose the subcutaneous connective 
tissues near the site injection. Gardner (1936) were 
the opinion that the sarcomata always developed the 
point contact between the tissues and the oil containing 
the hormone solution. Other workers, however, have 
obtained the same type tumour the use oestrogen 
aqueous solution. most the injected oestrogens 
these experiments were dissolved oils, the possibility that 
the oil and not the hormone might possess carcinogenic 
properties could not Burrows (1932), however, 


has studied the effects repeated subcutaneous injections 
various oils mice, and found that, although the tissues 
reacted inflammatory manner, sarcomata developed. 
Mere mechanical injury the connective tissue, caused 
the injection needle, appears have detectable carcino- 
genic effect. 

Gardner al. (1936) draw attention the fact that 
previous workers (Cook, Dodds, Hewett Lawson, 1934) 
have shown that certain hydrocarbons, which induce 
cancer mice, either when applied the skin-surface 
injected subcutaneously, have been found possess both 
oestrogenic and carcinogenic activities. close 
chemical relationship between these hydrocarbon carcinogens 
and oestrogenic These authors also point out that 
oestrogens under certain conditions may have stimulating 
effect mesodermal well epithelial cells. 

Burrows (1945) suggests that the origin sarcomata, 
arising from injection male sex hormone, might traced 
the conversion androgen into oestrogen inside the body. 
also draws attention the fact that continuous painting 
the skin-surface rodents with sex hormones does not 
lead skin-cancer. interesting note that cases 
are reported sarcomata arising after the subcutaneous 
implantation oestrogen pellets. Recently Perloff 
Kurzrok (1941) found that pellets oestradiol benzoate, 
implanted the uteri guinea-pigs, lead the production 
fibromyomata the site implantation. But this 
phenomenon arising relation overstimulation tissues 
which normally respond particular hormone, and 
difficult visualize the same sort reaction taking place 
other connective-tissue areas not specifically sensitive 
normal levels the hormone. 


11. Leucaemia 


Leucaemia arises either from marked hyperplasia various 
forms mature and immature leucocytes, leading 
permanent leucocytosis and the appearance immature 
forms the circulation, well overgrowth the haemo- 
poietic tissues, or, the other hand, hyperplasia which 
may still involve mature and immature leucocytes, but with 
the proliferation confined some all the haemopoietic 
centres without necessarily affecting the leucocyte population 
the blood-stream. Whatever variety leucaemic change 
takes place, and the change rarely involves more than one 
type stem-cell, the end results are regarded neoplastic. 
The fundamental aspect the disease seems partial 
complete independence the leucocyte its precursors 
from the regulation growth and differentiation. 

Most our knowledge the factors which either induce 
modify the growth the disease has been gained from 
experiments homozygous strains mice which develop 
spontaneous leucaemia varying degrees. Information, 
though less importance, has also been acquired from 
investigations mice and rats mixed ancestry bearing 
transplantable tumours. 

Avian leucaemia, which can transmitted cell-free 
filtrate, not included this review, the relationship 
between leucaemia and oestrogens has been investigated 
mainly inbred strains mice. also recognized that 
leucaemia mice similar disease that occurring 
humans, with the exception that most inbred strains 
mice leucaemia more prevalent the females than the 
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males. humans the reverse the case, the ratio being 
2:1 favour the males. Cole Furth (1941) contend 
that the differences attributable sex, which occur most 
strains mice relation the spontaneous development 
leucaemia, are insignificant. The problem 
examined statistically Mac Dowell, Potter Taylor (1939), 
who maintain that, the females possess higher longevity 
than the males, this part explains the higher incidence 
leucaemia among the female stock. Furth (1946) finds, 
however, that most males outlive their leucaemic The 
higher incidence homozygous females attributed 
Furth the presence endocrine factor. 

Recent experiments seem suggest that several factors, 
such oestrogens (Gardner, Dougherty Williams, 1944) 
adrenal cortical hormone (Dougherty White, 1943) 
carcinogenic hydrocarbons (Morton Mider, 
Engelbreth-Holm, 1942); diet (Tannenbaum, 1940); and 
irradiation (Engelbreth-Holm, 1942), may influence the 
growth and behaviour leucaemia mice and rats. Some 
these agents lead the induction various forms 
leucocytic neoplasia ranging from general leucaemia 
lymphosarcoma, and Furth (1946) regards oestrogens the 
most potent the leucaemogenic agents. Recent work 
the relation between leucaemia and oestrogens not unequi- 
vocal, owing the interaction hereditary factors, but the 
available evidence strongly supports the supposition that 
oestrogens play important part the induction the 
disease (Engelbreth-Holm, 

Lacassagne (1937) was among the first report the 
development leucaemia and lymphoid tumours mice 
after prolonged treatment with oestrogen. Gardner, 
Kirschbaum Strong (1940) treated 149 mice belonging 
strain with oestrogen, which 
subsequently developed lymphoid tumours. None the 
117 untreated mice developed lymphoid tumours. later 
series experiments, Gardner, Dougherty (1944) 
increased the incidence low leucaemia strains from 
with oestrogen administration. 

considerable interest are the results ovariectomy and 
orchidectomy mice belonging strains developing high 
degree spontaneous leucaemia. Thus Miller Pybus 
(1942) reported that gonadectomy, either sex, mice 
belonging the Edinburgh strain, was followed marked 
increase the incidence lymphoid tumours. the 
other hand, McEndy, Boon Furth (1944), working with 
high leucaemic strain mice, found that the incidence was 
actually lowered from 74% 45% ovariectomy, and 
raised the orchidectomized males, that 60% developed 
leucaemia, compared with 52% the unoperated controls. 
Murphy (1944), using strain mice which 88-4% the 
females and 53% males developed spontaneous tumours, 
also found that castration the males increased the incidence 
leucaemia Ovariectomy this strain had 
significant effect. one group castrated males, the 
addition testosterone propionate the oestrogen treat- 
ment lowered the incidence leucaemia 

Gardner al. (1940) give further evidence the antagonism 
between androgen and oestrogen, for these hormones were 
combined, they found that only mouse developed 
lymphoid tumour, whereas the incidence was mice 
receiving oestrogen alone. 

According some workers (Furth, 1946), the male sex 
hormone appears without effect the strain mice 
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has low incidence spontaneous leucaemia. mice 
two mixed stocks, Dmochowski Horning (in press) found 
that 59% and 70% respectively males, castrated before 
puberty and afterwards treated with oestrogen, developed 
lymphoid-tissue changes resembling lymphoid tumours, 
whilst the uncastrated mice the same stock, treated with 
oestrogen, only 11% and 19% respectively developed 
tumours. changes appeared the untreated 
the majority cases these lymphoid changes were 
associated with enlargement the spleen, liver and kidneys. 
The position regarding the influence oestrogens and 
androgens leucaemia therefore still obscure. Furth 
(1946) contends that oestrogens are the dominant factor, 
whereas Murphy (1944) prefers emphasize the inhibitory 
action androgen rather than the apparent stimulation 
oestrogen. 

still more difficult unravel the part, any, played 
the adrenals, although Murphy Sturm (1943) have 
obtained marked increase the incidence lymphoid 
leucaemia rats, following adrenalectomy. These authors 
reported that the transplantation lymphatic leucaemia 
rats resulted developing the disease the host had 
been adrenalectomized days before transplantation, 
whereas the control, unoperated rats, only 45% developed 
tumours. 

Although unknown how oestrogens induce leucaemia, 
whether the hormone acts directly upon the haemopoietic 
system, indirectly through some other organ, must 
admitted that certain similarities exist between the induction 
leucaemia and mammary cancer oestrogen adminis- 
With both conditions, the carcinogenic influence 
oestrogen dependent upon the genetical constitution. The 
irreversible changes leucaemia and mammary cancer 
appear follow quite brief periods oestrogen treatment, 
after which there latent interval, and then the neoplastic 
changes result tumour formation. This latent interval may 
(in press). would appear that, some cases, the oestrogen 
had induced permanent change the lymphoid tissue 
early stage, which fails reveal itself until rapid, uncontrolled 
proliferation ensues. fact, according Furth (1946), 
greater incidence lymphoid tumours can obtained 
oestrogen treatment short and discontinuous, than the 
treatment extended. Similarly, mammary cancer some 
strains mice arises several months after oestrogen treatment 
has been discontinued. 

the influence oestrogens the induction leucaemia 
proves indirect one, the implication arises that the 
anterior pituitary gland may involved. Flaks, Himmel 
Zotnik (1938) claim that the formation blood-cells 
some degree regulated “pituitary haemopoietic 
Whether hypophysectomy, followed oestrogen 
treatment, would result inhibition leucaemic changes, 
the case with mammary neoplasia, remains 
investigated. 


12. Tumours Bone 


has long been known that relationship exists between 
the gonads and the skeleton, and that sex differences are 
associated with bone-growth. The direct influence 
oestrogens osteogenesis has been investigated, however, 
only recent years. response the injection oestrogen, 
new bone proliferated immature female and male 
rodents, especially the medullary cavities the long 
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bones. High dosages, given for prolonged periods, cause 
hypercalcification, and the new endosteal bone may become 
over-developed virtually obliterate the marrow 
spaces (Zondek, 1937 Gardner Pfeiffer, 1938a, Sutro, 
1940 Miller, Orr Pybus, 1943). According Andrews 
(1942), cases hyperostosis frontalis interna occurred 
women, and were generally detected during menopause. 

the experimental field should noted that Zondek 
(1937) claims have observed gradient responsiveness 
the part the skeleton oestrogens, and that the bone 
changes described Sutro (1940), and Miller, Orr Pybus 
(1943) were found reversible. the experiments 
Gardner Pfeiffer (1938a, b), was observed that the over- 
growth bone was more readily induced castrated than 
non-castrated mice. Moreover, these authors were able 
inhibit the response bone oestrogens the injection 
androgens. 

The occurrence spontaneous bone-tumours mice 
mixed stock was first reported Murray (1908), Bashford 
(1911), and more recently Brunschwig Harmon (1933). 
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CARCINOGENIC ACTION STILBENE DERIVATIVES 


NOTE THE CARCINOGENIC 
ACTION STILBENE DERIVATIVES 


DODDS, M.V.O., F.R.S. 
Courtauld Institute Biochemistry, Middlesex Hospital, London 


The biological activity the oestrone analogue diethyl- 
stilboestrol now matter common knowledge, and 
accepted that qualitatively this compound possesses all the 
activities the naturally-occurrng hormone. 


FIG. 


Skeleton formula and 

carcinogen to which 

compound is possibly 
related 


Number 
At start 
of experi- 


ment 


Dodds 


quantitative point view difficult compare the 
activity synthetic substances and naturally-occurring 
hormones view the differences their chemical pro- 
perties. may said, however, that the synthetic oestrogens 


FIG. 


oestrone stilboestrol 


The formula stilboestrol arranged demonstrate its similarity 
oestrone. 


are actually more potent than the 
naturally-occurring hormone. The 
relationship between the structure 
synthetic compound and oestrone 
shown the accompanying 


stilbene 


Benzpvrene 


formulae (Fig. 1), 
may regarded being related 
oestrone the two middle rings 
this substance are opened. 

must, course, realized that 
this merely hypothesis, and 


-Dibenzphenanthrene 


must admitted that the spatial 
resemblance not striking 
models made with tetrahedra for 
carbon atoms are compared. 

was decided investigate the 
possibility the application this 
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hypothesis the carcinogenic hydro- 
carbons. The compounds were 
examined the standard technique 
the skin mice with 
solution acetone the sub- 
note that neither stilboestrol nor 
hexoestrol nor the parent hydro- 
carbon dihydroxy stilbene 
produced any tumours. Stilboestrol, 
however, was found toxic 
when administered this method, 
none the animals survived 
for period exceeding months, 
and the results therefore cannot 
regarded conclusive. The results 
carcinogenic hydrocarbons shown 
Fig. They show that, far, 
only substance possessing carcino- 
investigated. This is, however, 
definite, though feeble. 

that Professor Haddow (personal 
communication) investigated 
the activity number 


Continued foot page 379 


Number 
ne number ) After 
year 
4 25 2 i?) 
786 25 5 0 


EXPERIMENTAL CANCER 


973 


EXPERIMENTAL CANCER THE 
BLADDER 


GEORGIANA BONSER, M.D., 
Brotherton Fellow Cancer Research, University Leeds 


Experimental investigation cancer the bladder the 
utmost practical importance, there still considerable 
incidence this disease among workers the aniline dye 
industry. Although for half century association had 
been known exist between exposure aromatic amines 
and subsequent development bladder cancer humans, 
was not until 1937 that Hueper Wolfe communicated 
the American Association Pathologists successful 
attempt induce papillary vesical lesions benign and 
malignant type female dogs receiving large doses 
commercial mouth. 

Since this time, several other chemicals have been found 
carcinogenic the bladder, and stage has now been 
reached when wide field open for further experimental 
investigation. For not only greater knowledge the 
chemical aspect the problem needed, but also investigation 
inappropriate state here that vigilance must exercised 
accepting hyperplasias neoplasms appearances which 
could due folding and tangential cutting normal 
epithelial lining. 


Unsuccessful Doubtful Attempts Induce Bladder Tumours 
Animals means Chemical Products from Dyeworks 


The compounds most frequently tested the early period 
were aniline, and and benzidine. They 
were given either inhalation, subcutaneous intra- 
peritoneal injection, surface application, occasionally 
orally with the food. few attempts were also made with 
such compounds phenylene- 
toluidine, 5-chlor-o-toluidine, and p-nitraniline. The experi- 
mental animals used were the rabbit, mouse, rat and 
guinea-pig. 


THE BLADDER 


G. Bonser 


These experiments have been carefully listed Hartwell 
(1941) and were discussed Berenblum Bonser (1937) 
and Hueper (1942, 484 All the recorded 
experiments before 1937 (in which the chemical was adminis- 
tered site distant from the bladder) were completely 
negative, except those Schar (1930a, 1930b) and Perlmann 
Staehler (1932a, 1932b). the case the former, although 
the duration exposure was probably sufficient, the photo- 
micrographs the tumours were not convincing. the 
case the latter, the period exposure was under months, 
except the case one rabbit, and the illustrations were 
more convincing than those The rather cautious 
diagnosis Neubildung fibro-epithelialer Natur three 
German pathologists, who examined the sections indepen- 
dently, tends confirm this scepticism. The experiments 
Berenblum Bonser (1937) were long duration and quite 
unsuccessful. Those the workers the Cancer Hospital 
Research Institute, London, were varied and thorough, 
though the exact duration not stated the reports. Writing 
1929, Leitch records 


the last seven years experiments have constantly been 
going with scores chemical products from dyeworks, 
administered inhalation, ingestion surface application 
several thousands animals, and when the animals have died 
minute examination the urinary system has been made, but 
sign neoplasia has been afforded. The solution the 
problem would welcome, for until the particular noxious 
substance group substances known, real measures can 
taken prevent dyeworkers cancer.’ 


1940, Morigami and Nishimura claimed have induced 
bladder papillomatosis rabbits and rats means 
subcutaneous injection oily solution o-toluidine. 
guinea-pigs similarly treated, where the mortality was high 
the early part the experiment, the early changes were 
seen, but the animals did not Jive long enough develop 
papillomas. illustrations were given and the histological 
descriptions were very inadequate. Nagayo Kinosita 
(1940) stated that when injected 
subcutaneously into rabbits, guinea-pigs and rats, papillomas 
the bladder occurred. (1940), apparently 
referring the same experiments, mentions the papilloma- 
tosis the bladder guinea-pigs, although far 
advanced tumour has been details are given 
these experiments and view the failure other 
workers when using this compound, they await confirmation. 

Rather different scope were the experiments Yamazaki 
Sato (1937, quoted Hueper, 1942, 489). watery 
solution aniline was injected daily over extended 
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these compounds with regard their power inhibit the 
growth the Walker rat-carcino-sarcoma 256. doses 
mg. compounds 786, 795, and 851 were completely inactive. 
Compounds 616, 772 100 mg. doses produced extremely slight 
inhibition, whilst mg. compound 810 produced slight but 
definite inhibition. 

conclusion, would appear that these substances have little 
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interest from the point view experimental cancer produc- 
tion, since the experimenter has the choice large number 
compounds infinitely greater potency. The interest 
them therefore purely theoretical, that does seem 
support the hypothesis that simple analogues can prepared 
for number the complex condensed carbon-ring compounds, 
including the carcinogens. 
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EXPERIMENTAL CANCER THE BLADDER 


period into the bladders male rabbits, which 
showed vesical papillomas following 362 days 
treatment. The papillomas were described being situated 
the apex the organ, were stalked and covered with 
stratified epithelium. several the papillomas appeared 
after days treatment, the question must asked 
whether these were true neoplasms. 


Hueper, Wiley Wolfe (1938) produced papillomatosis 
and carcinomatosis the bladder female dogs daily 
subcutaneous and oral administration commercial 
(from 300-450 mg. daily capsules) for 
from months. The lesions observed cystoscopy 
and subsequent histological examination the bladders 
the dogs thus treated were identical with those seen 
these authors similar examinations 
The tumours continued grow and become more numerous 
some the dogs after discontinuation the treatment 
during the last months observation, while one dog 
the first neoplasms the bladder were noted several months 
after cessation exposure. Although none the five dogs 
which had been killed the time writing (Hueper, 
1942, 486) was any metastatic deposit found autopsy, 
one dog there was malignant penetration into the subserosa 
the vesical wail. 

Bonser (1943) gave specially purified 
mouth one female and three male dogs over period 
years. first; daily dose 150 mg. was not well 
tolerated and was reduced 100 mg., but after year the 
dose was increased 700 mg. daily. graded series 
changes was observed the bladder epithelium one female 
and two male dogs which were treated for 3%, and years 
respectively. The changes ranged from simple hyperplasia 
anaplastic carcinoma with infiltration the smooth 
muscle the vesical wall and permeation lymph-vessels. 
Metastases did not occur. The renal pelves, ureters and 
urethra were free from tumours. There was evidence that 
the tumours had been present for some considerable time 
before death. 

The advance knowledge achieved these experiments 
considerable. The dog has been proved suitable, 
though cumbersome and expensive, experimental animal. 
One chemical great use the dye industry has been found 
amine itself impurity present the commercial product 
the active agent virtually ended, for with the methods 
purification used Bonser’s experiment, the amount 
impurity administered the dogs compared with the amount 
administered daily (700 mg.) must have 
been very small indeed. 

Certain other facts already well-known relation the 
industrial disease have been confirmed experimentally, 
namely: that long induction period necessary, that 
latent tumours may present before clinical signs occur, 
that tumours may arise after the cessation exposure and 
that local invasion common but metastases are rare. The 
successful experiments have also afforded insight into the 
reasons for previous failures. The large dosage required, the 


* The technical product used in the dye industry was distilled in vacuo and the 
distillate crystallized from petroleum ether (melting point, 110-113°C.). Thus, 
while it cannot be maintained that traces of associated substances were not 
present, it seems likely that the product was.reasonably pure. Tests for the 
presence of 5--dinaphthylamine were negative. 


Bonser 


long duration administration and the choice suitable 
experimental animal were among the conditions usually not 
fulfilled the earlier trials. 

urgent need this stage find small animal 
susceptible this group compounds. view the fact 
that high incidence bladder tumours can induced 
CBA mice with 2-acetylaminofluorene (see below), Armstrong, 
Bonser Stickland (unpublished observation) have attempted 
induce bladder cancers mice this strain with pure 
8-naphthylamine administered stomach-tube and con- 
junction with various modifications the diet. After 
experimental period months more (i.e. period long 
enough for the development 
bladder tumours mice), the resulis have been disap- 
pointingly negative. seems unlikely that four other strains 
mice kept the laboratory will yield more successful 
results. 

The reasons for the species-differences are present 
unknown. Such factors the the urine, habits 
urination, and different modes metabolic degradation 
the compound the liver have been discussed, without 
satisfactory conclusion. The relative freedom the rest 
the urinary tract, excluding the bladder, from both the 
experimental and the industrial disease, extraordinary 
observation which has not yet been explained. 

The mechanism which the tumours are produced also 
requires further investigation. seems possible that meta- 
bolites, rather than per se, may the 
actual carcinogenic agents involved, but this suggestion 
based theoretical conceptions only. Various attempts 
isolate metabolites from the urine the workers from 
treated dogs have led equivocal results. summary 
possible causative mechanisms given Hueper (1942, 
490 seq.). 


Induction Bladder Tumours Rats and Mice means 
2-acetylaminofluorene 


1941, Wilson, DeEds Cox described the carcinogenic 
activity when fed highly inbred 
albino rats derived from the Slonaker Colony. Although 
malignant tumours were found number organs, 
including the liver, pancreas, lung, ductus acusticus, breast 
and colon, the site election was the urinary tract. 
rats, treated for days more, developed carcinoma 
the bladder. one these there was also carcinoma 
the ureter and another carcinoma the renal pelvis. 
Varying degrees epithelial hyperplasia the bladder and 
renal pelvis were noted, associated sometimes with squamous 
metaplasia and keratinization. Cessation treatment 
days, followed death 266 days, resulted the finding 
bladder carcinoma one animal. 

contrast, Bielschowsky (1944), using albino rats, the 
descendants Wistar rats, failed find any bladder tumours 
104 animals adequately treated with the same compound. 
high incidence malignant tumours liver, breast, 
ductus acusticus, intestine, uterus and skin was, nevertheless, 
obtained. 

Armstrong Bonser (1944) administered thrice weekly 
oily suspension 2-acetylaminofluorene stomach- 
tube mice the CBA strain. These mice have agouti 
coat, are very highly inbred, and are free from breast cancer. 
six mice which survived adequate period treatment 
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(53 weeks), one developed benign vesical papillomatosis 
and four malignant changes the bladder epithelium. Liver 
and uterine tumours were also observed. 

view the strain differences observed rats, seemed 
important treat various strains mice with view 
finding the one most suitable for this type experiment. 
Armstrong, Bonser Stickland (unpublished observation) 
therefore treated mice five strains (including the CBA strain 
originally tested) described above. Although bladder 
papillomatosis and malignant tumours were seen all the 
strains tested, CBA was the most susceptible, mice 
treated for weeks more showing bladder tumours, 
which were malignant. The strains could arranged 
descending order susceptibility, the incidence bladder 
papillomatosis ranging from 
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Induction Bladder Tumours means Azo Compounds 


Not only the aromatic amines (i.e. dye intermediates), but 
also the finished products, may cause bladder tumours 
animals when given orally. Yoshida (1935) described bladder 
papillomas 168 rats which survived 100 days more 
feeding with o-aminoazotoluol. one rat there was 
squamous carcinoma the bladder and the distal end 
the right ureter. The photomicrographs are convincing, 
and control animals showed such changes, nor were 
parasites found the tumour tissue neighbourhood. 
Mention this fact necessary assessing the origin the 
bladder tumours rats, which are commonly infested with 
worm (Trichosomoides crassicauda), which lodges the 
bladder epithelium and causes benign papillomatosis 
that organ. 

the following year Otsuka Nagao (1936) described 
bladder papillomas white rats fed with 
The authors noted down- 
growth epithelium into the subepithelial tissues and 
spindle-cell anaplasia, but did not claim that any the 
changes were actually malignant, although the low-power 
states that Nagao also produced bladder papillomas rats 
with 3’-dimethylazobenzol and that Nagao 
Nashimoto were successful with 3’-dimethyl- 
These two latter substances were stated weaker than 
the other azobenzol compounds. experimental details 
are given. 

(1946) gave oily solution azotoluene 
mouth two groups white rats one group received 
adequate diet but the other was fed rice-flour and carrot, 
with consequent severe loss weight. Although the 
adequately-fed group survived considerably longer than the 
other group (an average 312 compared with 151 days), the 
bladders were normal, whereas seven survivors the rice- 
flour group, three showed metaplasia the vesical epithelium 
with hyperkeratosis, three showed marked papillomatosis, and 
one hyperkeratosis with great epithelial proliferation but 
real papillomas. Twenty per cent. this group showed 
stones the bladder. 

The azo compounds have been very extensively used the 
experimental investigation cancer the liver, but 
reference has been found the production bladder 
tumours workers other than the Japanese. view 
experiments, the diet unpolished rice seems 
have been important factor the production the 
tumours. Strain differences may also have been concerned. 
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Cook, Hewett, Kennaway Kennaway (1940) reported that 
produced peculiar changes the 
bladder mice, but that tumours were obtained. These 
changes were not seen mice treated with large series 
closely related compounds. 


Attempts Demonstrate Carcinogenic Constituents the 
Urine Men and Dogs exposed Aromatic Amines 


Berenblum Bonser (1937) collected urine from 
workmen employed dye factory which cases bladder 
cancer had previously been reported. Three types urinary 
extract were painted twice per week the skin 170 mice. 
Painting was continued for periods ranging from 
weeks, and tumours were obtained. Bonser (unpublished 
observation) and Hueper (1942, 486) repeated this experi- 
ment, using extracts urine from dogs under treatment with 
with the same negative results. the 
possible causes failure, the following may mentioned 
the methods extraction may have been unsuitable, and the 
substances which produce tumours the bladder may not 
carcinogenic the skin may not have been present 
sufficient quantity produce the carcinogenic effect. 

this connexion, experiment (1946) may 
mentioned. attempt discover whether the 
carcinogen acts directly the bladder epithelium its 
presence the urine, this author transplanted piece 
bladder-wall (about third the organ) the liver 
rats and subsequently fed the animals diet rice- 
flour and azotoluene. Nine animals which survived 
days treatment showed metaplasia the bladder 
epithelium, while four treated for longer periods showed 
papillomatosis well. Seventy per cent. had stones the 
bladder. the animals the bladder transplant 
survived and showed vital, well-vascularized bladder-wall 
lined low transitional epithelium and devoid either 
metaplasia papillomas. Among the rats with normal 
transplanted mucosa, there were three with papillomas and 
nine with hyperkeratosis the rest the urinary bladder. 
From these results the author concluded that the tumours 
were urogenous rather than haematogenous origin. 

Apart from its value relation the dye industry, the 
experimental investigation cancer the bladder seems 
likely provide important link the investigation the 
cause cancer general. pointed out Bielschowsky 
(1946), the three aromatic amines 2-naphthylamine, 2-amino- 
fluorene and 2-anthramine have been found induce distant 
tumours the first the bladder, the second the bladder 
and number other organs, and the third the skin, 
caecum, ductus acusticus and liver but not the bladder 
the mice and rats far tested. The carcinogenic aromatic 
amines are substances relatively simple structure and the 
relationship between chemical structure 
activity fairly close. Thus they are specially suited for the 
study carcinogenesis. The discovery Cook (1940) 
that 2’-azonaphthalene exerts unusual effect upon the 
bladder and intermediary between 2-naphthylamine 
skin (Boyland Brues, 1937) opens another line 
investigation. has only recently been realized how com- 
plicated are the factors species, strain and diet con- 
ducting these experiments. Trials various species and 
strains add greatly the labour involved but are essential 
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CARCINOGENIC ACTION 2-ACETYLAMINOFLUORENE AND RELATED COMPOUNDS 


THE CARCINOGENIC ACTION 
2-ACETYLAMINOFLUORENE 
AND RELATED COMPOUNDS' 


BIELSCHOWSKY, M.D. 


Department Pathology and Cancer Research Laboratories, 
Unwersity 


The great majority the many carcinogenic substances 
known constitution act the site application, and the 
compounds producing distant tumours induce carcinogenesis 
generally one organ only. Fresh experimental possibilities 
were opened when Wilson, DeEds Cox described the 
carcinogenic action 2-acetylaminofluorene (AAF) 
1941, introducing into cancer research unusually versatile 
agent capable producing neoplasms many organs 
every species which has been tested. Owing years 
war, only few papers dealing with AAF have been published, 
but more can expected the near future. From the 
proceedings medical societies and from preliminary reports 
published during the first months this year, appears 
that several groups research workers Britain, well 
the U.S.A., are actively engaged the investigation 
this carcinogen. Some this material, the details which 
have still published, and some own unpublished 
experiments have been included this survey order 
make the account comprehensive possible. sincere 
thanks are due Drs. Bonser, Harding and 
Vazquez-Lopez for their generosity and their help which 
enabled include some their unpublished results. 


AAF 


* [The production of cancer of the kidney and bladder by 2-acetylamino- 
fluorene is discussed in this number by G. M. Bonser (BMB 973).—Ep.]} 
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Chemical Configuration and Carcinogenic Activity 
2-Aminofluorene (I) aromatic amine chemically 

related two other carcinogenic amino-compounds, 

2-naphthylamine and 2-anthramine 

Aminofluorene easily obtainable nitration and con- 
secutive reduction from the non-carcinogenic hydrocarbon 
fluorene. Its mono-acetyl-derivative generally described 
2-acetylaminofluorene, but the 
fluorene more conformity with the nomenclature adopted 
British chemists. reference will made dibenz- 
fluorene and related compounds, belonging the group 
carcinogenic hydrocarbons, but only fluorene compounds 
closely related AAF. these, 2-hydroxy, 2-chloro (Wilson 
DeEds, 1946) 2-amino and 2-nitrofluorene have been 
tested adequately, and the last two substances have been found 
carcinogens. Nitrofluorene readily reduced vivo and 
vitro the amino-compound the acetyl-group AAF 
easily hydrolyzable, and seems unlikely that this group 
biological importance. One can therefore assume that the 
amino-group the 2-position essential for the carcinogenic 
activity. Theimportance the 2-position becomes obvious 
when remembered that 2-aminonaphthalene (2-naph- 
thylamine) and 2-aminoanthracene are 
carcinogens, whereas their isomers seem void 
tumour-producing activity. 


Metabolism 2-aminofluorene and AAF 


Westfall (1945) described methods for the estimation 
2-nitro-, 2-amino- and 2-acetylaminofluorene 
material. studied the fate solution 2-amino- 
fluorene injected into the subcutaneous tissue rabbit, 
and found only traces the amine the urine. con- 
jugated amino-compound was present plasma and many 
organs, well urine and bile. From this observation 
concluded that aminofluorene was rapidly conjugated 
was absorbed. Westfall mentioned that approximately 
10% the dose administered was excreted with the urine 
combined form, that more soluble than either 
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amino- acetylamino-fluorene Bielschowsky (1945a) 
isolated from rat urine metabolite which could identi- 
fied 2-acetyl-7-hydroxyfluorene. The solubility this 
substance water similar that Westfall’s conjugated 
fluorene can distinguished from AAF its colour- 
reaction with nitrite, but after previous hydrolysis and 
diazotation gives weak colour-reaction when R-salt 
used the coupling reagent. Recently Westfall Morris 
(1946) extended their studies rats. They found also this 
species evidence for the presence conjugated, water- 
soluble derivative the urine after feeding AAF. 

The metabolite has been tested for carcinogenic activity 
the writer. Five male albino rats received per amount 
dose AAF, which produced malignant tumours 
less weeks more than 90% animals the same strain. 
cancers were found the termination the experiment 
after weeks. 


Range Activity 

AAF incorporated the diet has been found carcino- 
genic for different species, the rat (Wilson, DeEds Cox, 
1941), the mouse (Armstrong Bonser, 1944), the fowl 
(Bielschowsky Green, 1945) and the cat (Harding, press). 
Most the published work has been done with rodents and, 
other lines cancer research, the use inbred strains 
has already proved advantage. forthcoming paper 
Armstrong, Bonser Stickland will give the results 
obtained pure strains mice. Bielschowsky (1946b) 
gives the distribution tumours induced AAF 
inbred strains rats. 


Dosage for Rats 

Wilson al. (1941) and DeEds Wilson (1946) studied 
the effects obtained various concentrations AAF given 
rats mouth. The minimal effective concen- 
tration AAF the diet was found the 
maximal tolerated, This latter dose produced 
tumours remarkably short time, but the mortality was 
very high. experience daily dose mg. given for 
weeks induced cancers more than 90% the animals 
less weeks, when rats age 6-8 weeks were used. 
Reduction this amount mg. daily per rat was accom- 
panied considerable delay the appearance macro- 
scopic tumours. The diet used experiments consisted 
dry powdered bread and skimmed milk, supplemented 
cod-liver oil and vegetables. long synthetic diets are 
not used, difficult compare the data obtained 
different laboratories, but all the available information 
suggests that the length time during which the carcinogen 
administered more important than the absolute amount 
AAF given. 


Tumours Induced AAF 

The great majority the neoplasms induced AAF have 
been benign malignant tumours epithelial origin. 
Leukaemias have been obtained rats few instances. 
Mesothelial tumours were rarer still. material more 
than 500 rats, only one sarcoma was found, which, like the 
fibromyoma and the sarcoma seen Armstrong, Bonser 
and Stickland mice, originated the uterus. The single 
sarcoma described Wilson, DeEds Cox arose probably 
from skeletal muscle leiomyoma the internal muscles 
the eye was seen one rats. Vazquez-Lopez (1945) 


2-ACETYLAMINOFLUORENE 


AND RELATED COMPOUNDS 


obtained one glioma albino rat, the first case malig- 
nant neoplasm the central nervous system produced 
carcinogen administered with the food. There can 
doubt, therefore, that epithelial cells are much more suscep- 
tible the action AAF than mesenchymal elements the 
cells the nervous system. The number tissues which 
neoplasms have been found astonishing. The following 
list shows the tumours epithelial origin far obtained. 

squamous keratinizing carcinomata the ductus 
acusticus externus, carcinomata the eyelid and the 
retrobulbar tissue. Most these tumours originated from 
glandular structures. 

Neck adenocarcinomata the thyroid mice and rats. 
Malignant tumours this organ could obtained rats 
only stimulated, hyperplastic thyroids. 

basal-cell carcinomata, all situated the back, 
were found albino rats. 

mammary cancer was one the most frequent 
tumours seen the females our strain Wistar rats, but 
was rarely found the males this strain. Only one 
females inbred strain piebald rats developed this 
type tumour. The Leeds workers obtained mammary 
cancers low breast-cancer strains mice, the incidence 
being higher than CBA mice. 

Thorax simple adenomata and metastasizing cancers 
the lung have been found rats. cats the lungs contained 
multiple foci where the cells lining the alveoli had undergone 
metaplastic changes, and there were macroscopic nodules 
which the normal lung tissue was replaced squamous 
keratinizing epithelium. 

Abdomen: tumours most organs situated the 
abdomen have been obtained. Benign and malignant 
neoplasms the liver were the most frequent and have been 
found rats, mice and cats. Tumours the bladder 
kidney have been found all species tested for suscep- 
tibility AAF. Cancers the small intestine, the colon 
and the pancreas were rarer. Simple papillomata the 
stomach have been seen mice occasions, and carcino- 
mata the uterus have been found rats and mice. One 
cancer seminal vesicle has been observed rat. All 
data referring tumours cats are due the courtesy 
Dr. Harding, and the data mouse tumours the courtesy 
Dr. Bonser. 


Mammary Cancers 

already mentioned, the mammary glands rats and 
low breast-cancer strains mice have been found suscep- 
tible the carcinogenic action AAF. Neither this sub- 
stance nor the metabolite isolated from the urine rats 
produced oestrus rats doses 100 but has 
been shown that the presence the ovaries great 
importance for the development mammary cancers. 
Only one female albino rats spayed the age 4-5 
weeks, and then fed diet containing AAF, was seen 
develop tumour the breast. 

Neither the removal one ovary and one suprarenal, nor 
subtotal thyroidectomy, lowered significantly the incidence 
mammary cancer the albino strain rats, probably 
because the compensatory hypertrophy the remaining 
glandular tissue. albino males the incidence breast 
cancer was below 10% contrast with incidence 
60-70% the females. Preliminary results seem indicate 
that this strain was also more susceptible the carcinogenic 
action stilboestrol than our piebald rats, which mammary 
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CARCINOGENIC ACTION 
cancer was rarely produced AAF. Such findings are 
suggestive genetically conditioned difference suscep- 
tibility the breast glands sex 

There is, however, evidence forthcoming that other factors 
have also considered. was found that the incidence 
mammary cancer the females the susceptible albino 
strain became low when, instead immature animals, rats 
age 6-12 months were used. Such animals tended 
become anoestrous after few weeks’ administration AAF. 
However, the few females which were months old the 
start the experiment, mammary cancers developed 
despite the persistence fairly normal cycle throughout 
the experiment. 

seems therefore that not only the genetic constitution 
but also the age the animal are important factors the 
pathogenesis these neoplasms. Once the mammary 
cancers were established, the presence the ovaries was 
little importance. Six rats were spayed time when the 
breast tumours became just palpable: every case the 
neoplasms continued grow. Female albino rats which 
had received AAF from the 6th the 30th week their life 
could successfully mated produce litters which they 
were able nurse, despite the presence macroscopic 
tumours. albinos became 
pregnant, the growth-rate these tumours seemed 
increased. During lactation, however, further growth was 
not only frequently arrested, but many instances, when the 
cancers were still relatively small size (about cm. 
diameter), regressive changes took place, leading cases 
apparent disappearance the tumour. However, 
every case observed, tumour growth was resumed once the 
offspring had been weaned. Mammary cancers which had 
already reached large size the beginning gestation 
did not regress. 

Arrest tumour growth during lactation has been seen 
Haddow (1938) and others females high breast- 
cancer strain mice. This phenomenon still without 
adequate explanation. effects were observed when 
lactogenic hormone was injected into rats bearing trans- 
planted adenocarcinomata the breast. Histologically 
nearly all the AAF-induced tumours the breast were 
Benign tumours the mammary gland 
have been found only twice material. Invasion 
the muscle and metastases occurred only when the tumours 
had reached considerable size. Smaller tumours were 
fairly solid, containing only microscopic cysts, arising from 
dilated ducts alveoli. the larger tumours, cysts produced 
central necrosis haemorrhage were common. Malignant 
intraductal papillomata seemed occur more frequently than 
high breast-cancer strains mice. Squamous metaplasia 
occurred only rarely, and neoplasms with 
structure were infrequent too. (Bielschowsky, 1944a, and 
unpublished results.) 


Cancers the Thyroid and Pituitary 


Malignant tumours these endocrine glands have been 
obtained rats combining the administration AAF 
with intense hormonal stimulation. several hundred rats 
both sexes which received effective dose AAF, not 
single tumour arising from cells with internal secretion has 
been found, but when animals received with the carcinogen 


* [Reference should also be made to a review of the genetics of cancer by 
Q. M. Bonser (BMB 876).—2b 
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goitre-producing agent (as allyl-thiourea sulphaguanidine’ 
which stimulate the thyroid means the thyrotropic 
hormone) malignant neoplasms this gland were obtained. 
Cancers the thyroid could not produced either agent 
was given alone for similar period and similar amount. 
Benign multiple adenomata the thyroid could produced 
when AAF and allyl-thiourea were given simultaneously 
(Bielschowsky, 1944b), the successive feeding the 
carcinogen and the goitrogen (Bielschowsky, 1945b). When 
the order was reversed, allyl-thiourea being given first for 
weeks and effective dose AAF afterwards, only 
single adenomata were found. Most these were larger, 
but not essentially different from the single adenomata 
occurring Wistar rats after prolonged administration 
allyl-thiourea. 

producing malignant tumours the pituitary the com- 
bined action stilboestrol and AAF. The extraordinary 
hyperplasia the anterior lobe the pituitary produced 
natural synthetic oestrogens the rat has been described 
many workers, but invasion the brain has never been 
found occur this species after hormonal stimulation. 
Two rats into which pellets stilboestrol had been 
implanted first, and which then received AAF mouth, 
developed tumours the pituitary which invaded the brain. 
These findings Vazquez-Lopez indicate that AAF was able 
produce malignancy the hyperplastic pituitary. 


Tumours the Liver 

rats, mice and cats, malignant neoplasms the liver 
have been produced. rats they were very similar, both 
macro- and microscopically, the cancers induced 
factors the development these neoplasms still under 
investigation, and conclusive results have been published 
far. own impression that seems more difficult 
inhibit carcinogenesis induced AAF the liver than 
that induced dimethylaminoazobenzene. might 
pointed out that the frequent occurrence tumours arising 
different organs after the feeding AAF offers certain 
experimental advantages. not yet certain whether the 
dietetic factors which inhibit the development hepatomas 
induced the carcinogenic azo-compounds 
protect the liver, whether they are true anticarcinogens. 


Carcinogenic Action 2-Anthramine 


the carcinogenic aromatic amines chemically related 
aminofluorene, only the anthramines will included 
this article. the isomeric aminoanthracenes, the 
and 9-compounds, have been tested far, the 
mine being still under investigation. The 9-anthramine was 
found inactive (Bielschowsky, 1946). The carcinogenic 
activity 2-anthramine was discovered Shear (1938), who 
found that subcutaneous injection saturated solution 
2-anthramine lard filtrate produced multiple hepatomas 
albino female mice. Males the strain were 
not affected. 

Details Shear’s experiments were included recent 
paper (Bielschowsky, 1946a), which described the effects 
2-anthramine strains rats, the skin which was 
painted with solution this substance acetone. was 
found that different types tumours the skin developed 
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The production carcinoma the liver azo compound 
was first announced Yoshida 1932, and detailed 
description was published Sasaki Yoshida (1935). 
these experiments (4’-amino-2 3’-azo- 
toluene) was the substance used, and the tumours occurred 
rats. They were shown transplantable within the 
same species (likubo, 1935). The observation was confirmed 
numerous workers, and positive results were also obtained 
mice, amongst others Shear (1937), who gives con- 
venient review the history the earlier work which 
followed Fischer-Wasels’ demonstration the cell-growth- 
stimulating properties scarlet red. 

was later shown that p-dimethylaminoazobenzene 
(butter yellow dimethyl yellow) was more rapidly effective 
rats (Kinosita, 1937), though that time success was not 
obtained with other species. Many other related compounds 
were tried, and the position different times summarized 
the reviews Cook Kennaway (1938 1940). Hartwell 
(1941) gives list azo compounds which had been tested 
for carcinogenic activity that date; positive results 
had been obtained with acetyl-o-aminoazotoluene (uncon- 
firmed some workers), diacetyl-o-aminoazotoluene, 
red, 4oxalylamino-2 3’-dimethylazobenzene, and 
cinoylamino-2 3’-dimethylaminoazobenzene, but none 
these appears have been potent o-aminoazotoluene 
and p-dimethylaminoazobenzene. 


Since Hartwell’s symposium, the following have been found 
active: p-mono- 
o’-methyl-p-dimethylaminoazo- 
benzene**, p-ami- 
and 4’-hydroxy-2: 
approximately descending order potency, the 
second substance being comparable with p-dimethylamino- 
azobenzene. Interest has naturally been aroused the 
possibility that azo dyes used colouring foodstuffs might 
carcinogenic, but investigations this direction have 
far proved negative® 

Cook, Hewett, Kennaway Kennaway (1940) tested 
group azo compounds less closely related chemical 
structure, and found that 2:2’-azonaphthalene 
new growth, mostly cholangiomatous type, the livers 
mice, while had very little such action 
and 2’-azonaphthalene appeared inactive. 

the present, however, the substances which the 
most detailed investigations have been made are o-amino- 
azotoluene (AAT) and p-dimethylaminoazobenzene (DMAB), 
and with these that shall mainly concerned. 


Species Strains 

AAT gives rise liver tumours rats and mice. 
produces cirrhosis but not tumours DMAB 
more rapidly effective than AAT rats, but has very low 
potency for mice, though not quite success 
has been reported with other species. 

Law (1941) found that AAT hepatoma mice was more 
readily produced the Dba strain than the strain. 
Andervont and his found that AAT, 
injected solution olive oil asa suspension glycerol, 
added the food, was much more effective females 
than males for various pure strains and hybrids tested. 


Effects Diet 


Much work has been done the increase reduction 
incidence tumours (usually rats) resulting from the 
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after prolonged painting. The most malignant these were 
spindle-cell tumours which could easily transplanted. 
Histologically they resembled sarcomata. Besides the spindle 
cells, mono- and polynuclear giant cells were present, and was 
argentophile reticulum. The smaller tumours this type 
were covered intact and hyperplastic epidermis. Basal-cell 
carcinomata were found times albino and once piebald 
rats. Papillomata, similar the so-called warts produced 
carcinogenic hydrocarbons mice, were seen both strains. 
The skin the Wistar rats seemed more susceptible, the 


Bielschowsky, (1944a) Brit. exp. Path. 
Bielschowsky, (1944b) Brit. exp. Path. 25, 
Bielschowsky, (1945a) Biochem. 39, 287 

Bielschowsky, (1945b) Brit. exp. Path. 26, 270 
Bielschowsky, (1946a) Brit. exp. Path. 27, 
Bielschowsky, (1946b) Brit. exp. Path. 27, 135 
Green, (1945) Nature, Lond. 156, 


tumours developing 180-260 days the site application. 
the piebald rats malignant tumours the skin were not seen 
before the 280th day, but this strain few distant cancers were 
found also. Two these were squamous keratinizing carcino- 
mata the ductus acusticus externus. Such neoplasms occurred 
very frequently the piebald rats after feeding AAF. Kon, 
Harris Haddow (in press) obtained the same type tumour 
with aminostilbenes. That aromatic amines can produce 
cancers the ductus acusticus externus seems interest, since 
such tumours were not known occur before this group 
chemical compounds had been tested for carcinogenic activity. 


Bonser, (1946) Brit. med. Bull. 207 

Bonser, (1947) Brit. med. Bull. 379 

Haddow, (1938) Path. Bact. 47, 553 

Shear, (1938) biol. Chem. 123, cviii 

Vazquez-Lopez, (1945) Nature, Lond. 156, 296 

Westfall, (1945) nat. Cancer Inst. 

Wilson, DeEds, (1946) Fed. Proc. 213 

Wilson, H., DeEds, (1941) Cancer Res. 
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presence the food various not easy 
interpret the results which have been obtained. Much seems 
depend the time chosen terminate the experiment and 
assemble the data. When tumours begin occur there 
tendency for considerable number appear within 
short space, that few weeks may make the difference 
between apparently significant result and negative one. 
Some workers have tried avoid this source error 
doing preliminary laparotomies and killing the animals 
later date. Another difficulty the not infrequent doubt 
Stewart (1941) has referred, and which may lead appre- 
ciable error interpretation, especially small experiment. 

seems, however, established that the addition 
liver the diet inhibits production liver cancer both 
AAT and DMAB* various animal tissues 
tested, kidney was the only other dietary supplement having 
this 

Amongst the cereals, rice appears favour the production 
tumours. Maisin, Pourbaix Cuvelier (1939) claimed 
have prevented the development cancer the use diet 
rye, the one DMAB tumour seen after 220 days 148 
rats having been associated with Taenia crassicollis carcino- 
genic tapeworm), but now seems possible that this may 
have been delay rather than prevention, view the 
results Ando (1940; 1941) with wheat. The latter also 
failed get tumours with barley, but survival animals 
was poor. Morigami Kasiwabara (1941) observed 
cancers millet-fed rats treated with DMAB when all 
rice-fed controls showed cancer, but here again delaying 
effect cannot excluded, their experiment ended 
165 days. Orr (1940) observed difference the incidence 
tumours rats fed mixed wheat, maize and oats, 
compared with those fed unpolished rice. very striking 
inhibition was obtained Vassiliadis (1940) with wheat 
flour, AAT tumours having appeared after years this 
protection wheat flour persisted even there was rice 
the diet. seems possible that wheat flour may offer greater 
protection than the whole grain, Orr Stickland (1941) 
failed obtain tumours with DMAB after months, using 
diet bread. has been stated Opie (1944a), who 
gives good account previous dietary investigations, that 
the presence rice the diet actively favours carcino- 
genesis, notwithstanding other constituents. The adjuvant 
effect rice has been attributed antioxidant which 
preserves the dye the diet and 

Yeast delays the appearance cancer and cirrhosis, but 
the magnitude the effect described varies with different 
groups Sugiura Rhoads (1942), who 
had claimed (1941) that 15% brewer’s yeast the diet 
completely inhibited the production cancer and cirrhosis 
DMAB, found that cirrhosis which had already developed 
could successfully treated with rice diet containing 15% 
yeast; this observation does not appear have been 
confirmed. The effect yeast, and lesser degree that 
rice-bran, has naturally led numerous investigations the 
vitamin-B factors. 

Nakahara, Mori Fujiwara (1939) found effect from 
various vitamin-B factors given separately together. 
Miner, Miller, Baumann Rusch (1943) carried out 
systematic experiment with highly purified diets, which the 
amounts riboflavin, thiamin, pyridoxin, pantothenate, 
nicotinic acid and choline were varied. When all vitamins 
were fed moderate amounts adequate for maintenance, the 


incidence tumours was when all were raised 
much higher level, the tumour incidence was substantially 
When each vitamin was reduced turn, the 
others being kept the high level, was found that the 
incidence tumours was greatly lowered when pyridoxin 
was reduced omitted. Large amounts pyridoxin fed 
resistant rats tended increase the incidence tumours. 
Large amounts riboflavin completely prevented tumours, 
during the period the experiment, rats receiving only 
12% casein the diet. inhibitory effect riboflavin 
has also been found though the effect appears 
small one, and according Kensler, Sugiura, Young, 
Halter Rhoads (1941), depends the simultaneous 
presence adequate casein. (1943) found that 
p-aminobenzoic acid reduced the incidence cirrhosis but 
not cancer. Guanidoacetic acid, nicotinamide, and 
choline did not alter the incidence cancer (Miller 
Baumann, 1946). 

Opie (1944a) found that fat the diet accelerated the 
appearance hepatic tumours, though Nakahara al. 
(1939b) had observed effect with added butter. 
Kline, Rusch Baumann (1944) showed that the substitu- 
tion hydrogenated coconut oil for corn oil reduced the 
incidence DMAB tumours rats months, effect 
which persisted when the rats received addition pyridoxin 
and/or ethyl linolate. Hydrogenated coconut oil also reduces 
the carcinogenicity 
Tomarelli, Ostergard Brown (1942) had stated 
that unsaturated fatty acids destroy p-dimethylaminoazo- 
benzene vitro, and suggested that the procarcinogenic 
effect butter fat was due the low supply unsaturated 
acids, view which would seem refuted the results 
with hydrogenated coconut oil. 

According Opie (1944a), diet with low protein-content 
favours cirrhosis, and hence increases tumour production, 
but Nakahara al. (1939b) reported effect from fish 
protein. Kensler al. (1941) obtained 
protection with casein, unless riboflavin was present, 
reduced the incidence tumours increasing casein from 
48% the diets, provided that the pyridoxin level 
was low. Sugiura (1944) obtained partial inhibition with 
dried whole milk, with which claimed also have treated 
liver cirrhosis successfully. Kline, Miller Rusch (1945), 
using rats which were given sub-protective level ribo- 
flavin, found that the incidence tumours was decreased 
when casein was replaced the diet egg-white, supple- 
mented biotin order prevent biotin-deficiency. 

regards amino-acids, White Edwards (1942a), but not 
Mori (1941), found that high cystine-content accelerated 
hepatic carcinoma. White Edwards (1942b) subsequently 
stated that methionine had effect similar that obtained 
them with cystine, and that the latter not antagonized 
the further addition choline the number animals 
the experiment was, however, rather small. 


Pathogenesis 


The early Japanese workers regarded the essential effect 
one progressive hyperplasia, starting the periportal 
liver cells and increasing and spreading until cancer super- 
been impressed with the importance degenerative and 
regenerative changes, the most important gross evidence 
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being the frequent association cirrhosis, which has been 
emphasized many authors. the same time, 
undoubtedly true that tumours have often been found 
non-cirrhotic livers, and that, although cirrhosis can 
induced DMAB rabbits, cancer has not been seen 
this this connexion Opie (1944b) has pointed 
out that the regenerative type hyperplasia liver cells and 
bile-ducts may occur the absence cirrhosis. Further, 
there appears little doubt that cancer can emerge 
stage when the cirrhosis still reversible. 

Whether cirrhosis not necessary preliminary, 
there appears doubt that the yield tumours 
greater when occurs. The broad general view which has 
emerged that proliferative changes the type associated 
with regeneration are found early stage treatment, 
being more conspicuous first the form new-formed 
bile-ducts. this change proceeds, there gradual 
replacement the normal architecture liver 
regeneration-nodules, and the formation trabeculae 
fibrous granulation tissue which contain bile-ducts 
increasingly atypical structure. The appearances the 
latter may such cause doubt whether the lesions 
are fact neoplastic. Macroscopically the liver becomes 
granular, shows thin-walled cysts containing clear fluid, and 
solid tumours which vary greatly colour and consistency. 
The granularity may recede under suitable circumstances, 
but the cysts and tumours are permanent. 


Histology Tumours 


Tle cysts are lined cubical somewhat flattened 
epithelium, and are generally regarded cystadenomata 
arising from the bile-ducts. Most authors attribute the solid 
tumours two sources the cells the hepatic parenchyma 
(liver-cell carcinoma hepatoma), and the bile-duct epithe- 
lium (bile-duct carcinoma cholangioma). This was the 
view the present but was challenged 
Edwards White (1941), who denied that 
carcinoma occurred. They claim that Orr described 
carcinoma that which was actually non-neoplastic bile-duct 
proliferation, though many such lesions have undoubted 
tumour type But, addition this, they 
appear have misunderstood Orr, who did not suggest that all 
adenocarcinomata were bile-duct origin, and they have 
quoted from his paper passage from which they infer that 
regarded certain tumours bile-duct origin, though 
the actual quotation begins stating that liver-cell 
tumours which are under consideration. point fact, 
there does not appear any doubt that liver-cell carcinoma 
may assume tubular structure, Dalton Edwards (1942) 
have shown cytological evidence. this point, therefore, 
the difference opinion postulated Edwards and White 
does not exist. 

There remains the question whether there bile-duct 
carcinoma. Stewart (1941) has argued that so, 
should also appear the extrahepatic bile-ducts even 
the gall-bladder (the latter presumably the mouse, the 
rat has gall-bladder). But this view necessarily tenable 
only the assumption that the action direct one the 
parent cells themselves, and not the liver whole. 
Cameron, Kopac Chambers (1943) have shown tissue 
cultures that liver cells are much more sensitive 
N-dimethyl-p-phenylenediamine than bile-duct epithe- 
and that there similar difference between the 


tumours this is, they say, strong evidence favour 
the existence bile-duct carcinoma. Opie (1944b) recog- 
nizes trabecular hepatoma, adenohepatoma, cholangioma and 
cystadenoma. 

The detailed histology the tumours described the 
papers interesting point that none 
the tumours contains histologically demonstrable glycogen, 
even when abundant the surrounding parenchyma. 
Chemical estimation showed that remains very low 
transplanted 


Metabolism Induced Liver Tumours 


Nakatani, Nakano Ohara (1938) found that induced 
liver tumours exhibited the high rate anaerobic glycolysis 
and considerable aerobic glycolysis characteristic malignant 
growths general. They also described progressively 
increasing rate anaerobic glycolysis the liver during the 
stages preceding the appearance tumours. Orr 
(1941) confirmed the former observation, but not the latter. 
They made the interesting discovery that the glycolytic 
activity tumours the substrate involved glucose, whereas 
normal liver cells utilize glycogen and not attack glucose. 
This property the tumours was established for growths 
unequivocally liver-cell (as opposed bile-duct) origin, and 
represented one the few cases which had been possible 
demonstrate directly qualitative functional difference 
between tumour cells and the corresponding normal cells. 

The fact that glucose-breakdown replaced glycogenolysis 
the tumours was confirmed Dickens Weil-Malherbe 
They also investigated several highly-specialized 
functions hepatic cells the tumours, and found that the 
following were entirely, almost entirely, lost the forma- 
tion urea from ammonia from alanine, and 
acetoacetic acid from caprylic acid; the oxidation uric 
and the synthesis fermentable carbohydrate from 
pyruvic acid. Their paper includes comprehensive review 
the literature metabolism that time. 

Woodard (1943) showed that the alkaline 
phatase activity DMAB tumours averaged times that 
normal rat liver. Cohen (1945) found that, rats receiving 
the liver showed progressively-decreasing glyoxa- 
lase activity tumours and their transplants showed about 
10% the glyoxalase activity normal liver. 


Mode Action 


Various split products DMAB have been isolated from 
the urine (Stevenson, Dobriner Rhoads, 1942), and some 
these have been shown toxic various enzyme 
reactions, e.g., diphosphopyridine nucleotide 
carboxylase and sulphydryl-containing enzyme 
None the metabolites far tested itself carcinogenic. 
Kuhn Beinert (1945), following the work Kensler 
al. (Kensler, Dexter Rhoads, Kensler, Young 
Rhoads, 1942), have investigated number oxidation 
products p-phenylenediamine metabolite DMAB), 
and found that p-benzoquinone the most active inhibiting 
carboxylase. They postulate that, through the special affinity 
carcinogenic azo dyes, their reduction and cleavage 
products, for certain tissue elements the animal body, 
p-benzoquinone continuously renewed such sites, though 
may not reach them when p-benzoquinone itself adminis- 
tered. support this hypothesis, that p-benzoquinone 
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PRODUCTION LIVER TUMOURS 


the operative substance, they recall that Takizawa produced 
tumours mice painting them with it. Kirby (1945b) 
has drawn attention sharp divergence between AAT and 
DMAB one hand, and azonaphthalenes the other, 
their tendencies being produce liver-cell 
tumours respectively, and argues from this that may 
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that metabolism azo compounds benzidine type” 
derivatives favours bile-duct proliferation, while reductive 
favours liver-cell cancer. Interesting such 
hypotheses are, course necessary approach them 
with caution, view the difficulties establishing some 
the fundamental facts. 
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Formerly Medical Inspector Factories 


Nature the disease 
Site election 
Causal agents relation occupation 


Time elapsing from beginning employment 
manifestation the neoplasm 
Select bibliography 


Percival Pott pointed out early 1775 that cancer one 
particular cutaneous site, namely the scrotum, could 
attributed soot. Others, including Butlin 1892, showed 
that the same site might affected other products, and 
was also observed that other cutaneous sites addition 
the scrotum might similarly affected certain chemicals 
such pitch, tar and mineral oil. Nevertheless, was not 
until 1907 that was recognized officially Britain that 
cancer any cutaneous site could caused pitch, tar, 


GLOSSARY UNFAMILIAR INDUSTRIAL TERMS 


Biowing-room room cotton mili where the 
cotton fibres, after unpacking, are 
separated machine 

Stout tarred cloth used for 
the partition being known 
brattice 

Carding term applied the further 

opening out and straightening the 

cotton fibres 

the mass thread wound directly 

upon spindle mulespinning 

machine 

Cotton-twiner-doubler. one who doubles the cotton yarn 

machine known twining-mule 


Brattice-cloth 


Cop 


Doubling the process twisting together two 
more single yarns 

Fettler one who keeps machinery free 
order woollen cardroom 

Hackle comb for splitting and combing 


fibres flax, hemp jute 
man who collects nightsoil, i.e. 
excrement 
one who paves road surface 
one who lays, keeps order, and 
renews the plates tramway 
railway hence, man employed 
fixing and keeping order the per- 
manent way railway 


Nightsoilsman 


Pavior 
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tarry compounds. this year, the definition scrotal 
epithelioma occurring chimney sweeps and epitheliomatous 
cancer ulceration the skin occurring the handling 
use pitch, tar tarry was added the 
third schedule the Workmen’s Compensation Act. 

Seven further years elapsed before Bitumen, mineral oil 
paraffin any compound products residue any 
these substances were included, 1914, the definition 
the third schedule, purely for the purpose compensation, 
which was not restricted merely factory workers. 

Six further years elapsed until, January 1920, there 
was added the list diseases notifiable the Chief 
Inspector Factories, under Section the existing 
Factory Workshop Act (now Section the Factories 
Act, 1937) the definition Epitheliomatous ulceration 
cancer the skin due pitch, tar, bitumen, paraffin mineral 
oil any compound residue any these substances 
any product thereof contracted factory 
The primary purpose this addition was the investigation 
where the disease occurred and the devising preventive 
measures. 

will therefore observed that the number cases 
accepted limited those arising from premises defined 
the Act factories, and that there number similar 
cases occurring individuals not embraced the Act, 
such roadmakers, unless they spend part their time 
working depot under the Act. 

Further, will also observed that arsenic not included 
the definition, has far been considered that case 
cutaneous cancer arising from the use this chemical 
industry can notified, occasionally has been, under 
the heading Arsenical Poisoning, which has been notifiable 
disease since 1896, and can interpreted include cancer 
other sites than the skin as, for instance, the lung, should 
excessive incidence sufficiently proved. that may. 


Proofer one who weatherproofs fabric 
material with creosote oil 


machine for kneading and mixing 
materials, e.g. pitch and coaldust 
Ring-doubling and ring- 
spinning processes which the cotton yarn 
doubled spun and guided 
the bobbin means ring 


Roller term applied machine for 
rolling metal plate, the man 
who operates the machine 

Screenman who operates screen, i.e. 


sieve 
wood-working machine which 
the surface the wood moulded 
coarse cloth open texture used 
for cleaning machinery and fire-arms 


Spindle-moulder 
Sponge-cioth 


Tar 


Tenter attendant 
Winding-room room which the winding 


cotton yarn done 

cylindrical shape armed with spikes, 
for opening and cleaning wool, 
cotton, and flax 

one who tends the above machine 


Willey, willow 


Willeyer, willower 
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TABLE 


ANALYSIS 3,753 CASES CUTANEOUS EPITHELIOMATA NOTIFIED FROM 1920 1945 INCLUSIVE, 
RELATION TRADE MANUFACTURE, AND CAUSAL AGENT 


The letter with attached numeral denotes the rodent ulcers included the larger number (the incidence rodent ulcer being 2°4% the total number cases 


SITES 
No. No. No. 
TRADE MANUFACTURE CAUSAL AGENT 
cases per-_ sites Head 
sons and Upper Lower Trunk Scrotum Vulva 
neck limb limb 
Tar-distilling 939 538 1,00! 542 270 5 8 169 Pitch, tar and tar-products 
»  (ex-cotton-mulespinner) 5 4 5 2 2 Mineral oil and tar 
Coke-ovens 98 9! 113 44R* 17 — 3 2 2 — 45 _ Tar (and pitch) 
Oil refining, shale 52 42 $3 4 30 4 _ 15 Shale oil 
other mineral oil ... 4 4 4 2 Mineral oil 
Electrical equipment 29 i4 34 17 8 8 Pitch 
Cable-manufacture 23 22 23 4 12 ome 7 Tar 
Storage of creosote 9 8 3k! 6 Creosote oil 
Manufacture of road macadam ... 8 8 8 3 4 _ Tar 
Wool and worsted 6 6 6 3R* ~ 2 Mineral 
Synthetic dyes 5 5 5 3! 2 _ = Anthracene 
Repair of vehicles (wheelwright) ! — =» ome Yar 
Repair of boats and barges 3 3 3 2 Tar 
(machinist, female om = oun = = Mineral oil 
Woodworking, including main- 
tenance 3 3 3 _ on. = 3 Mineral oil 
Firelighters (ex-mulespinner) ... ! om Mineral oil and? creosote oil 
Matches (oil storeman) i = = — Mineral oil 
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TABLE (continued) 


No. No. No. 
TRADE OR MANUFACTURE of | of of 


| cases | per- | sites Head 


| sons and Upper Lower 


SITES 


CAUSAL AGENT 


Trunk Groin Penis Clitoris Scrotum Vulva 


committee the Medical Research Council present 
deliberating the question the relationship arsenic 
cancer and, this subject discussed elsewhere' these 
columns, shall not refer further it. 
the end 1945, will seen from the Chief 
Inspector’s Annual Reports, 3,753 cases 2,975 persons 
(See BMB 


have been notified, and their annual distribution shown 
Graph this paper based mainly the analysis these 
figures (Table and the knowledge gained personal 
investigation inside and outside the factory. 

Pitch, tar tar-products were held responsible for 2,229 
(or the 3,753 cases, shale oil, mineral oil, 
bitumen for 1,515 (or 40-3%), while cases the workers 


TABLE 


PERCENTAGE EACH SITE AFFECTED RELATION OCCUPATION, AND THE CHEMICAL CONCERNED 


The figures in bold type denote site of election, but in some cases 


the percentage is based on too small a number to be significant. 


EXPOSED SITES 


COVERED SITES 


NUMBER 

Vulva SITES 

Total Lower Penis Scrotum Total 

limb clitoris 

81-7 0-3 0:8 15-4 18-2 640 
78-5 0-9 0-2 06 ~- 06 18-8 21-5 746 
68 — 32 32 25 
58-6 0-8 40-6 41-4 128 
81-2 0-5 0-1 0-6 0-8 168 18-8 1,00! 
68-1 1-5 0-3 0-6 40 25:3 31-7 331 
54 — 1-8 2-6 _ 1-8 39-8 46 113 
76 0-7 0-2 0-8 -- 16 20-6 24 1,445 
—_ 8-4 66-6 75 12 
75:7 0-8 0-2 0-7 12 243 2,363 

63-1 70 -- 29-8 369 
50 166 33-3 50 6 
30-7 77 61-5 69-2 13 


CAUSAL TRADE MANUFACTURE 
AGENT Head 
and Upper 
neck limb 
Pitch-loading (wharves) 40 1-8 
Electrical equipment ... 50 23-5 
Optical lenses ... 412 47 
Total pitch = 67-6 10-9 
Tar Cable-making and ve 16 52 
Net fixing 33-3 38-1 
Making roads and road material 
Gasworks = 41-6 26°5 
Total pitch andtar_.... 50 25-9 
Creosote oil Creosote-storage and proofing 
Bricks and pottery... 25 
Total creosote ... ine 23 
Total pitch, tar and tarry products ... ad 53-7 22 
Shaie oil and Cotton ... ne eS 11-8 17 
mineral oil Refining shale and mineral 8-8 
Total shale oil and oil 12-2 


the sites were not included view possible contact with both and tar and its products. 
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had been contact first with mineral oil cotton-mule- 
spinners and then with tar gasworkers (5), cable-layer (1), 
oil-gas maker (1), with creosote the making 
firelighters (1), substantial contact with both types 
agent the same time, the case rope-machinist 
contact with wood-tar, who also lubricated his machine. 


NATURE THE DISEASE 


The disease begins papilloma keratotic new growth 
which, few cases, may fall off without treatment (Fig. 1), 
the worker (Fig. 16) may even adopt the undesirable 
procedure paring with knife scraping with some 
abrasive, such the striking-side matchbox, without 
apparently accelerating the onset malignancy. Otherwise 
may remain dormant for months years (17 years the 
case one creosoter wood see Fig. 15) before assuming 
malignancy the form epithelioma, either squamous- 
celled basal-celled (rodent ulcer; Fig. 3). the latter 
workers mineral (Fig. 3), and these were 
cottonworkers (making percentage 4-7 the cutaneous 
epitheliomata that trade, including mixed basal-celled 
and squamous-celled carcinoma the site birthmark 
the right cheek cotton-mulespinner). The remaining 
rodent ulcers were workers pitch, tar, tarry 
products (Fig. 4). 

some cases the growth may occur only one cutaneous 
site one particular time, while others more than one 
growth may appear the same time the same different 
cutaneous sites (Fig. 11). One more these may assume 
malignancy, and, one anthracene-maker this series who 
contracted multiple growths both forearms after years 
work, all were malignant. 

Although the growth may successfully removed the 
surgeon the radiotherapist, there guarantee that 
similar growth may not arise later another part the 
skin the same separate site, after short long 
Subsequent primary growths may arise throughout 
the lives men successfully treated for earlier growths. 
least 326 men this series had many 2-14 new 
growths within months years, though all had not 
necessarily reached the malignant stage before they were 
treated. 

treatment refused the patient, unsuccessful 
for primary epithelioma, death from 
eventually occur approximately 2-3 years the case 
squamous-celled carcinoma, but the case basal-celled 
carcinoma (rodent ulcer) the fatal issue may deferred 
for 7-20 years, exemplified the present series. treat- 
ment successful, the patient may live for many years until 
dies some other disease which the general population 
internal site such larynx, lung, oesophagus, colon, rectum, 
liver, bladder prostate, which there are examples 
this series. 


SITE ELECTION 


Although the new growth may affect any the cutaneous 
sites, the head and neck and upper limb (representing exposed 
Dr. Alexander Scott. of Broxburn, informed me that he had come across only 


cases of rodent ulcer during his periodic medical examination of shale-oil 
workers In many years. 
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parts) and the scrotum (representing covered part) 
mainly affected. The lower limb (including the groin) appears 
affected pitch- and tar-workers only the 
cases, whereas oil-workers (Fig. 18, 19) affected nearly 
eight times often the trunk under both 
pitch- (Fig. 17) and tar- (Fig. 16) workers, and 
oil workers while the penis affected only 1-5% 
either type worker. the few cases women, whom all 
were textile the disease was mainly the exposed 
parts, the upper limb being the main contributor, though the 
external genitals were affected cases. 


The selection the site appears depend mainly two 
factors, the nature the occupation, such applying the 
chemical particular site, and the physical properties 
the chemical. Dust pitch, the fume from hot tar, may 
permeate the atmosphere, alighting exposed parts even 
finding its way between clothing and mineral oil 
may drip, soak, and penetrate through clothing. certain 
cases, individual habits have considered—such 
lefthandedness, application the fingers cloth 
permeated with the chemical particular site, including 
even the possibility use oily waste exposed parts 
and even, when the lavatory, the ano-perineal area and, 
the case females, the external genitals. 


will seen from Tables and III that those 
workers whom the exposed parts are especially affected, 
the head and neck the principal contributor makers 
patent fuel (Fig. 5), electrical equipment (Fig. 8), workers 
tar distilleries (Fig. 10) and gasworks (Fig. and possibly 
the small numbers cotton- 
weavers (Fig. and woollen the upper limb 
cable-makers, proofers fabric, creosote-oil proofers and 
storers (Fig. 15), shale-oil refiners (Fig. 12) and female 
textile-workers while both these exposed sites contribute 
substantially those making optical lenses (Fig. 7), roads 
and road material, nets, oil-gas. The scrotum and head 
seem more less equally affected coke-oven 


The covered parts are represented the vast majority 
cases the scrotum, which especially affected pitch 
loading wharves, the fume tar those engaged 
the manufacture producer-gas and coal-carbonization, 
creosote oil the manufacture bricks, mineral 
oil cottonworkers, such those employed cotton- 
carding and preparatory processes, and especially cotton- 
mulespinning (Fig. 20). 


The question the rarity the disease the palm the 
hand its absence from the sole the foot (as, for instance, 
cotton-mulespinners who walk about with bare feet 
oil-soaked floor) possibly some extent explained the 
special texture the skin or, the case the palm, the 
greater chance removal the chemical chance handling 
premeditated drying than the case the dorsum the 
hand. There is, however, case epithelioma the palm 
the hand card-room operative (Fig. 13) and the 
dorsum the foot cotton-mulespinner (Fig. 19), while 
record exists sarcoma the sole cotton- 
mulespinner’s foot, which had been injured 
trating nail. 


* In 1946, however, 2 cases have occurred in women aged 37 and 47, employed, 
because of the war, for 4% and 4 years respectively as labourers at tar distilleries, 
the epithelioma being on the right cheek of the former and on the neck (Fig. 9) 
of the latter 
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FIG. From the late Dr. W. Jenkins FIG. 2) From the London Hospital 


FIG. Sessile wart the left cheek 
worker tar distillery. made 
progress and finally necrosed weeks 
after the photograph was taken. 


FIG. Epithelioma the right cheek 
man aged employed for years 
machine-minder weaving shed and 
other departments cotton 


FIG. 3 From Dr. Alexander Scott, Broxburn. 


FIG. ulcer below the right 
eye man aged employed for 


DY 


FIG. 4 From the Ernestine Henry Collection FIG. 5) From Dr. C. C. R. Dou ning, Cardiff 


FIG. Rodent ulcer the face 
male aged years, employed 
ploughman for years, sugar refiner 
for year, and anthracene worker the 
manufacture synthetic dyes for 
years. Note pigmentation areas 
skin normally exposed. 


FIG. Epithelioma the nose 
man aged employed for years 
patent-fuel worker. This was fourth 
‘primary growth, the first papilloma 
having appeared the right lower 
eyelid years before, followed 
growths upper lip and left eyelid. 
has since had subsequent primary 
growths within years neck and face, 
including upper and lower lips, cheek, 
forehead and nose. 
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FIG. 7 From the Royal Cancer Hospital (Free) 


FIG. Epithelioma the chin 
male aged employed pumpman 
gasworks for years. 


FIG. Epithelioma the chin 
male aged employed blocker 
the manufacture optical lenses for 
years. 


G. 8 From the Roval Cancer Hospital (Free) FIG. 9 From the Royal Cancer Hospital (Free) 


FIG. Epithelioma the scalp 
man aged employed the manu- 
facture carbon brushes for electrical 
equipment for years, and then with 
direct contact with pitch for 
years. 


FIG. Epitheliomata the neck 
female aged employed labourer 
tar distillery for years. 


FIG. 10. Epithelioma the right side 

the neck below the ear man 

aged employed tar stillman 

contact with tar, creosote and 

naphtha for years. This was third 

primary growth, the preceding ones 
being nose and ear. 


FIG. 10 From the late Dr. W. D. Jenkins 
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FIG. Multiple epitheliomata (neck 
and left arm) man aged employed 
cotton-mulespinner for years and 
then oiler cotton mill for years. 


FIG. 12. Epithelioma the left wrist 
worker refinery for 
years. 


FiG. 13. Epithelioma the palm the 
left hand man aged employed 
stripper and grinder the card- 
room cotton mill for years. 


FIG. 15. Epithelioma the dorsum 


the right hand man aged 
railway sleepers the age and 
then store keeper. The growth 
commenced wart years before, 
the age 49. 


From Dr. Alexander Scott, Broxburn 


FIG. 13) From the Ernestine Henry Collection 


FIG. 14. Cancer the hand male 
aged years employed cotton- 
mulespinner for years and, after years’ 
interval the army, gas-retort 
stoker for years. 


FIG. 15 From the Ernestine Henry Collection 


— 


x 
FIG. 14 From the Ernestine Henry Collection 
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FIG. 16. Multiple benign keratotic new 


for years, formerly coal carter 
stated that reduced many the 
growths with the abrasive edge 
matchbox. 


FIG. 17. Neoplasms skin chest 
patent-fuel worker for years. 


FIG. 18 From the Ernestine Henry Collection 


FIG. 18. Epithelioma the left leg 
man aged employed cotton- 
mulespinner for years. had 
epithelioma left arm the same time. 


FIG. 20 From the Ernestine He nry Collection 


FIG. 19. Epithelioma the right foot 
mulespinner for years. worked 
with bare feet. 


FIG. 20. Epithelioma the left side 
the scrotum man aged employed 
cotton-mulespinner for years. 
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TABLE 


ANALYSIS 1,389 CASES CUTANEOUS EPITHELIOMATA WORKERS THE COTTON TRADE 
ACCORDING THEIR OCCUPATION 


The fetter R with attached numeral denotes the number of rodent ulcers included in the larger number (the incidence of rodent ulcer being 4°7% of the total number of cases) 


OCCUPATION 


NUMBER NUMBER 
OF OF 


SITES 


CASES PERSON Head 
ES an Trunk Groin Penis | Clitoris Scrotum Vulva 
neck | 

(ex-mulespinner) on 8 8 8 ik 4 _ 2 

e females .. ‘ 7 7 7 5 om ~~ _ 

females... 6 6 6 2 3 _ -- i 

COTTON WASTE 


Total males and females sale aa axe 1,389 1,330 1,419 


CAUSAL AGENTS RELATION OCCUPATION 


The main trades occupations which contribute and, 
far possible, the causal agents concerned, are shown 
Table but certain occupations worker may encounter 
more than one carcinogenic agent and, further, may 
occasionally change from one occupation which there 
contact with one type agent such tar, another occupa- 
tion which there another type agent such mineral 
oil vice versa (see Fig. 14). 

must emphasized that there are many persons who 
not yet appreciate the legal requirement notification 
industrial disease the relationship particular 
occupation one more recognized carcinogenic agents. 

For instance, before 1923 was not realized anyone, 
except perhaps the late Dr. Wilson, Manchester, that 
the disease cottonworkers was due mineral oil, but 
increasing knowledge from that date reflected the rise 
(Graph the number notified cases. The numbers 
from this source reached their maximum 101 1927 and 
1928, since when there has been gradual decline the 
number cotton-workers notified. 

The general fall from 1940 due doubt various war 
conditions, but the sharp rise since 1942 due large 
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extent the inclusion, the absence pathological 
examination, increasing number cases keratotic 
new growths, substantial number which are probably 
yet benign. These are notified when they come light 
the periodic medical examination certain pitch- and 
tar-workers, wisely instituted certain firms order 
that early treatment, usually radiological centre, may 
forthcoming—usually without loss working time. Further, 
the same men may notified several times one year for 
growths occurring one after the other separate sites. 


Pitch, Tar, and Tarry Products 

Apparently the term originally referred the 
viscous residue remaining after the destructive distillation, 
high temperature, wood, especially pine. Later was 
applied the product, similar appearance, produced 
the destructive distillation coal, mineral oil, vegetable oil 
even skin. further heated, there remains solid 
substance known pitch, which hard and brittle when 
cold, but pliable when hot. 

During the process distillation coaltar, crude products 
can separated out according the temperature. such 
naphthalene, creosote oil and anthracene oil, which, after 
purification, provide individual solid compounds. 
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Coal-pitch 


Patent fuel. Briquette manufacture provided 610 cases 
364 persons employed one other capacity beltman, 
blender, pugman, piler, screenman, slinger, stower, tipper, 
wheeler, weigher, and others the plant, such blacksmith, 
roadman, stoker, oiler and even One stoker employed 
for years had previously been stoker brickworks for 
another man who had been fuelworker for 
years had transferred brattice-cloth factory, where 
coaltar was used, for years, after which the epithelioma 
developed his neck and one man aged 34, who developed 
growth the right side the cheek after years 
pitchman, had previously spent his earlier working life 
sea. 
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By the courtesy of T. Roddam Dent & Son 
Shipping the bottom doors the hopper wagon are 

opened, the pitch falls knocked through the bottom door 

the (covered the truck). The tub, skip, the 

lever, and the pitch runs from the hopper into the tub. When full, 

the tub, carrying 30-40 hundredweights [1,524-2,032 kg.], lifted 

and put board and tipped into the hold the ship. 


Pitch-loading wharves provided cases men 
employed firms wharfingers stevedores, etc., loading 
pitch ships (Fig. 21). 

Manufacture electrical equipment, such insulators, 
carbon electrodes and electric was responsible 
for cases men who crushed, ground, mixed, moulded, 
pressed, weighed loaded pitch there was, however, also 
important case epithelioma the forehead one man 
who had been clerk for years only the office adjacent 
the factory which the pitch-dust was generated. 

Manufacture optical lenses was responsible for cases 
using pitch for embedding the lens during the 
polishing process. 

Clay pigeons, There was interesting case worker 
who for years had been melter pitch with chalk for the 
manufacture clay pigeons. growth then appeared 
the upper lip another the nose, and both proved, 
histological examination, epitheliomata. 


Coal-pitch and Coaltar 

Distilling coaltar coke-oven tar, which may per- 
formed factory set apart for the purpose, special 
plant certain gasworks coke-oven establishments, 
provided 939 cases 538 males. 

not possible divide the cases into those attributable 
tar and those pitch, for while the tar-stillman and the 
tar-pumper would mainly contact with tar, and the 
and -breaker contact with pitch, the disease 
was found also among others employed the works such 
various occupations fitter, drain-cleaner, platelayer, 
boiler-maker, boatman, bricklayer, scaffolder, acetylene- 
burner and boiler-stoker, one whom described how 
used pitch and creosote for firing. Even time-clerk for 
years and ambulance-room attendant were not exempt, 
but the latter had previously been fitter the plant while 
the history removal keratotic growth from the head 
managing director is, doubt, interest. 


Seven similar workers were previously found have keratotic growths 
the head and neck, and on the upper limb, and in one case, after 1} to 23 years 
of employment, on the scrotum ; but as there was then no evidence that the 
malignant stage had been reached, these cases were not included in the figures. 
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must also recorded that one man, with epithelioma 
behind the ear after years’ employment coal-tipper 
the plant, started working life patent-fuel worker, 
but only for the short period months. 

Coke-ovens. There were cases provided persons 
working firms with coke-oven plants. such firms, 
which not distil their coke-oven tar, workers are mainly 
contact with such tar, but others, which also have 
distillery plant, there would contact also with pitch. 


Coaltar 


Manufacture coalgas. There were 324 cases provided 
309 persons employed the manufacture coalgas. These 
included managers, retort-stokers, retort-setters and repairers, 
workers mains and pipes, fitters, pipe-laggers, carpenters 
and other maintenance men, and yard-labourers. 

While coaltar the main carcinogenic agent with which 
the gasworker comes into contact, there may limited 
contact some cases with lubricating mineral oil. For 
instance, exhaust attendant stated that used mineral 
and vegetable oils for engines and coalgas oil for the 
exhausters during the process lubrication. 

this connexion must pointed out that the men 
included the figures had previously been contact with 
mineral oil alone cotton-mulespinners for years, 
the epitheliomata appearing the scrotum (2), hand (1), 
and lower lip (1), after years’ employment the 
gasworks. 

Manufacture cables was responsible for cases 
men employed tapers, compounders, coilers 
maintenance men, handling tarred yarn, stacking cables, 
driving the machine for armouring the cables making 


FIG. 


From the Ernestine Henry Collection 


Fixing 


tarring fishing showing the net 
immersion. 
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From Mr. S. H. Wilkes 


Topman producer-gas plant. Note position during prodding. 


asphalt hold cables. One the maintenance 
men, who had been crane-driver for years, had retired 
for years before growth appeared the right ear, and 
the possibility some contact with mineral oil his case 
cannot excluded. 

Laying electric cables. This occupation provided cases 
men employed cable-jointers, but one who had been 
employed for years had previously been 
mulespinner for years. 

Road construction provided cases; were 
persons applying the material the road and workers 
making the material known tar macadam. 

The who were employed public highways depart- 
ments, private road-contractors, included charge 
the tar-boilers (one having retired for years), tar- 
sprayers, asphalter and pavior (and 

the makers road-material who were employed 
asphalt-works private firms, special plants 
tar-distilleries, were contact with The ninth 
was worker lake-asphalt works for years, where 
was informed that only bitumen (mainly natural from the 
Trinidad Lake, but occasionally artificial from mineral oil) 
was but owing wartime conditions had become 
civil-defence worker for years before the epithelioma 
appeared the face. may recorded, however, that 


The man question used only Trinidad-Lake bitumen for the purpose, and 
in a previous communication I suggested that this case could be attributed to 
bitumen after 21 years’ employment ; but further enquiry has now shown that 
spent only just over years the special asphalt-trough department and that 
the previous years were occupied cable- and contact with coaltar. 
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From the Ernestine Henry Collection 


Tarring boats. 


one the two tar-boilers had been chimney-sweep 
youth for months, and the nightsoilsman had been 
farm-labourer and started work cotton-weaving shed 
for one month years before. 

Manufacture and repair fishing nets (Fig. 22) (e.g. work 
ship-chandlers’, netmaking, repair work sea-coast towns) 
were responsible for cases men; one man had 
epithelioma the left eyebrow, and the following year 
similar growth the left hand. Some these men were 
previously fishermen, was the case with least them 
however, who had never been sea, the growth appeared 
the nose two, employed for and years respectively, 
and the scrotum one employed for years. 

Manufacture producer-gas (Fig. 23) provided cases 
men continually employed for periods varying from 
years glass-bottle works, steelworks, synthetic-dye 
works, soapworks, shipbuilding works, shale-oil works 
zinc-smeliing works. 

may recorded, however, that one the scrotal 
cases, the man who was the producer-gas plant shale- 
oil works for years, had performed other employment 
previously the same works for years. This may have 
contributed totally partially the causation the 

Low-temperature coal-carbonization comparatively new 
method for production smokeless fuel and coal-oil, 
which low temperature tar formed. There were 
cases men engaged this process. 

one interesting case, the man, who had been employed 
for years retort man and had gone elsewhere for 
years, was found have scrotal epithelioma waen 
examined for re-employment the carbonization process, 
thus showing the value such form medical supervision 
for specific purpose. 

Proofing with coaltar fabric, such felt for roofing, and 

* Apart from these reported cases it may be of some interest to record that 
there was a similar case, at the same oilworks, of a man who had been a labourer 
at the works for 9 years, then attended to the producer-gas plant for 16 years ; 
he then did odd jobs at the works for 3 years, after which an epithelioma developed 
on the scrotum. Another man, who had been on the producer-gas plant of a 
steel works for over 21 years, developed an epithelioma on the skin of the pubis. 
At another works, a man who had been on a producer-gas plant from boyhood 


to the age of 32 developed a growth on the right side of the forehead which 
assumed malignancy 8 years later, resulting in death. 
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brattice-cloth for preservation, for use collieries, was 
responsible for cases persons. 

Barge- and boat-repairing (Fig. 24) was responsible for 
cases this series, but, addition, there interesting 
shipbuilders. This man was considered have been 
contact with the fume from tar-products tank-barges 
under repair. There was another case epithelioma the 
penis boat-builder, employed for years, which 
ended fatally. 

Manufacture earthenware pipes provided cases 
jointers sanitary pipes stoneware conduits for 
electrical wire, using tar composition but one these 
employed for years there was probably previous contact 
with tar gasworks for years. 

Manufacture and use bitumastic paints. Manufacture 
such paint, from which tar-content could not excluded, 
provided epithelioma the face and the scrotum 
man who for years had been boiler mixture 
natural asphalt, mineral oil, bitumen, and and the 
case epithelioma the face painter who had been 
employed for years but for the last years had been 
continuously painting tanks with bituminous paint. 

Repair vehicles provided scrotal case wheelwright 
corporation depot, who chipped tar off vehicles. 

Haulage provided similar case carter, mainly 
pitch and tar, firm carting contractors. 

Sailmaking shipwright company provided case 
epithelioma the right ear, which, however, must attri- 
buted previous occupation sea in¥contact with the sun’s 
rays well tar, dressing the sails with tar any 
other proofing material was performed this particular firm 
shipwrights. 

Wood-tar 

While wood-tar can obtained sometimes from bobbin- 
makers the north England, who distil wood-shavings 
and scrap, the best examples are those from Russia (Archangel 
tar), Poland (Polish pine tar), and Sweden (Stockholm 
tar), and our medical colleagues those countries should 
able give valuable information the extent the 
carcinogenic properties this substance. 


& Coke Co 


Manufacture oil gas. Carburetted water-gas plant contain- 
ing the generators for making the water-gas 
carburetters and superheaters for evaporation and cracking the 

mineral oil. 
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Generally speaking, wood-tar always used for coalsacks, 
coaltar too stiff, and the same applies ropes. may 
also, like anthracene oil, used for making wagon-grease. 
But investigation has shown how often some coaltar seems 
have crept into process which first seemed 
concerned only with wood-tar. For instance, certain 
premises where nets are dipped mainly wood-tar, tank 
coaltar may also found when further enquiry made. 
Hence this series there only one case’ cutaneous 
epithelioma possibly attributable wood-tar. This was 
the left hand attendant compound machine 
ropeworks (now defunct) where coaltar was used, but 
only Archangel tar but even this case must stated 
that the man also lubricated his machine with mineral oil. 


Tar from Shale Oil and Mineral Oil 

The term oil gas may refer two different products, 
one being the gas formed from the destructive distillation 
shale oil (or more rarely other oils, such Russian mineral 
oil), and the other carburetted water-gas which mineral- 
oil spray high temperature added during manufacture. 
Contact with the tarry residue the oil the retorts, 
especially when these are being cleaned, cannot well 
avoided, even the latest apparatus, which may considered 
closed one (Fig. 25). 

The manufacture this gas from shale oil provided 
cases, but one these, the man, who was railway-carriage 
cleaner and shale-oil gasmaker for years, had previously 
been cotton-mulespinner for years. The manufacture 
carburetted water-gas from mineral oil produced cases, 
but only one these had the worker, employed for 
years, not previously been contact with coaltar. 


Creosote Oil 

Proofing timber for railway-sleepers, pavement-blocks, 
pit-props, fences, etc., with creosote oil creosoting works, 
railway works, sawmills, fencing companies and wood- 
pavement works, etc., provided cases, but there also 
record case rodent ulcer the face timber- 
creosoter tar distillery, and epithelioma the 
scrotum creosoter timber for fences firm 
timber-merchants. 

Creosote-oil storage provided cases men loading and 
unloading creosote oil works where this oil specially 
stored. 

Manufacture bricks provided attributable the 
usually creosote oil, used prevent the bricks adhering 
the moulds. Nine the men were, had been, the 
brick presses, but the tenth was machine-fitter, and although, 
doubt, would come into contact with the creosote oil 
when maintaining the presses, contact with ordinary mineral 
lubricating oil could not excluded. 

Manufacture furnace crucibles provided one case 
scrotal cancer man who had been pot-maker for 
years steelworks. This was attributable the creosote 
oil used during the process making crucibles for melting 
the metal the furnaces. 


There record another ropeworks, where only Archangel tar was used, 
of a fatal case (not notified) of scrotal epithelioma in a man who was on the tar 
but was also belt-mender, oiled machines and cleaned the sooty 
boiler-flues. I have previously recorded 2 fatal cases of scrotal epithelioma, one 
in a man who manufactured the product and in another who brushed Stockholm 
tar on to coalsacks for 45 years ; these are more convincing. 


* A case of scrotal cancer in a brick-burner for 15 years, who had previously 
been cotton-mulespinner for years, was allocated the list cotton- 
mulespinners as attributable to mineral oil. 


From Dr. Alexander Scott, Broxburn 


Workers the press expressing the oil from the 
paraffin wax shale-oil refinery. 


Manufacture disinfectant provided one case 
epithelioma the helix the left ear man working 
chemical had retired for years after making 
creosote disinfectant for years, though his previous 
occupation the age was not elicited. 

Manufacture firelighters. connexion with the one 
maker firelighters who had previously been cotton- 
mulespinner and cotton-weaver, may interest state 
that there also record case, not included official 
figures, epithelioma the left forearm man who had 
made firelighters (with peat blocks instead wood for the 
body the lighter) for years. had retired for years, 
but too had previously been the cotton trade 
cotton-weaver for years, and farm-labourer for years. 

Records other non-reportable cases attributable 
creosote include that railway platelayer handling creosoted 
sleepers. After years this work, epithelioma 
developed the left ear. assistant chemist the 
laboratory tar distillery had been testing creosote oils 
for months, when keratotic growth, yet benign, 
appeared the right wrist. 


Anthracene 
Purification anthracene or, one case, loading boxes 
synthetic dyeworks for periods varying from 
years, was responsible for cases the upper limb head, 
including one rodent ulcer (Fig. 4). 
Three others were engaged the manufacture anthra- 
cene tar distilleries, but only one these (with multiple 
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From the Ernestine Henry Collection 


Little piecer (assistant the spinner) the cotton-mule- 
spinning room. Later becomes big and subsequently 
spinner. 


epitheliomata forearms) had been associated solely with 
for years, the other two having been workers 
tar and pitch respectively. 


Shale Oil, Mineral Oil and Bitumen 

While shale oil mineral oil, differs from the ordinary 
mineral oils which are obtained such from under the 
earth’s surface sinking wells, that has extracted 
above ground from shale which has previously been mined. 
All these oils may refined distillation and fractionation, 
the final base residue being either waxy (in the case 
shale oil) asphaltic (or bituminous) nature, mixture 
both. 

Among the products the crude shale oil are shale spirit 
naphtha, used gasolene, motor spirit, solvent for india- 
rubber, fuel special lamps, etc.; intermediate oil for 
gas-making, gas-enriching, cleaning, oil-engine fuel, grease- 
making and fuel for the navy oil for lubricating 
machinery, the cotton trade, etc.; and solid paraffin 
(from which the oil has finally been expressed the presses 
the paraffin sheds the refinery) used for making wax 

Bitumen the term given the product which appears 
nature Trinidad Lake bitumen asphalt, mixed with 
rock—as, for instance, Cuban Rock asphalt. can, however, 
extracted artificially temperature approximately 
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350 400° from mineral oil, and usually then called 
mineral-oil bitumen contradistinction the natural 
product, though both are derived from mineral oil. 

Shale-oil refining provided cases persons, the 
majority whom were employed the so-called paraffin 
sheds where the refined oil finally extracted the press 
from the waxy base (Fig. 26), but others were contact with 
the crude semi-crude oil the retorts. 

Other oil refining. Only have been reported from 
oil refineries which shale oil not refined, being from 
mineral-oil distilleries refineries, pumpman, blender 
and grease-maker, and one from linseed-oil refinery but 
the latter case the man question was for years 
cooper barrels, which had previously contained 
mineral oil, and had been retired for years before the 
disease manifested itself the scrotum, eventually causing 
death. 

Cotton trade. This trade provided 1,389 cases 
1,330 persons. the 1,389 cases, 1,296 (or came 
from the mulespinning room (Fig. 27), including 141 persons 
who had retired and 179 who, after many years mule- 
spinners, had passed into other occupations still the 
cotton trade (94), other textile trades (5), the metal trade (29), 
into other lighter occupations (51). addition, 
ex-spinners were, somewhat arbitrarily perhaps, classified 


From the Collection 


Strippers and grinders carding-engine the card room 
cotton mill, showing dust cloud from brush before the days 
stripping under exhaust ventilation. 


* The case of a man with a keratotic growth ou the hand after one year’s work 
cleaner mineral-oil refinery where cases the disease occurred before 
since, was classified more likely attributable his previous occupation 
shale-oil refinery for years. 
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under other causal occupations (29 cotton and elsewhere, 
shown individually Tables and view the 
time therein and the shorter period spinning. 
these added the other 1,296, the number cases 
persons who had, one period (however short) their 
lives, been cotton-mulespinners, would increased 1,344, 
thus showing that least 1,296 most 1,344 
the total number cases notified since 1920 were, 
had been, cotton-mulespinners and that, the 1,389 
cases provided the cotton trade, 1,325 (or occurred 
men who had spent some part their working life 
mulespinners (Fig. 27). 

the cases persons classified other cotton 
workers, (including females, ex-spinners and ex-ring- 
spinners) came from the card-room (Fig. 28, 29); 
(including females and ex-spinners) from the ringspinning- 
room; (including female and ex-spinners) from the 
weaving-shed (Fig. 30); were mill maintenance men 
(such engine-tenters, mill engineers, oilers and greasers, 
etc., including were from the doubling- 
room (twiner-doublers including ex-spinners, and ring- 
doublers) were cotton-mill labourers (such bobbin- 
carriers, cop-packers, oil-storemen and -distributors, including 
ex-spinners); others were from the blowing-room (3) 
winding-room (2, both females), print and dye works (2), 
and the cotton-waste trade (2, including who 
had been breaking the waste for years, and washer 
oily cloths for cotton mills spor.ge-cloth works for 
years, but even the latter had previously been mule- 
spinner for years). 

Woollen trade. The wool and worsted trades provided 
spinner, carder, fettler and willeyer, mill engineer wool 
blender and machinery oiler, previously wool comber. 

Other textile trades. There was one case cutaneous 
epithelioma man aged who had been employed 


From the Ernestine Henry Collection 


Females slubbing frames cotton mill. 


There are, however, records other cases cutaneous cancer wool- 
workers, 6 on the penis (including 2 spinners), 4 on the scrotum (2 spinners and 
2 fettlers) and 4 on the head and neck, including a rodent ulcer of the nose of a 
man aged 69, who had spent some 50 years in a woollen mill ; while a woollen 
and worsted weaver for 26 years, who oiled looms once a week and spindles twice 
a day, developed a cancer of the tongue. 


399 


Henry 


From the Ernestine Henry Collection 


Cotton weaver operating the loom. 


jute mill contact with mineral oil for years, but went 
into the army for years and was then coalgas depart- 
ment for years before the epithelioma developed the 
scrotum and another camel-hair belting-weaver aged 42, 
who had been employed for years when the epithelioma 
developed the scrotum, causing death one year. 

Metal working. The working metal may divided 
into the production the raw material such places 
iron-and-steel works, and its subsequent adaptation 
engineering works. 

the case one man who had been dipping pipes into 
coaltar iron works for years when epithelioma 
appeared the calf and another the right ear, coaltar 
was doubt responsible, but the other whom 
had previously been cotton-mulespinners) the causal agent 
was apparently mineral oil, being associated with the 
production the raw material roller, tube-drawer, gun- 
smith, nut-and-bolt maker, wire-worker, oiler axles 
blast furnace engine tenter iron-and-steel works 
arsenal; and with engineering driller, turner, fitter, 
cutter, presser, polisher, machine-setter, fitter engine 
tenter. 

Repair vehicles. addition the wheelwright 
previously referred to, there was one case epithelioma 
the cheek engine tenter railway-carriage works, 
and two cases epithelioma the scrotum fitter 
tram depot for years, and fitter bus depot for 
years. The second these had previously been cotton- 
mulespinner for years. 

Rope-making. the cases occurring rope-works, one 
was female machinist hackling machine for manilla 
hemp for years. this process, preparatory 
any proofing, only contact with mineral oil could elicited. 
Another case was male attendant compound machine 
rope-works (now defunct) for years, where only 
Archangel tar was used, but oiled his own machine 
the epithelioma, which was the left hand, could not 
definitely attributed wood-tar, though the man 
question would come mainly into contact with this substance. 
The was that maintenance man acting 
firebeater and stationary- and locomotive-engine driver for 
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From the Ernesune Menry Coltection 


Noodworking machinery, showing spindle-moulder 
being operated. 


years, when the epithelioma appeared the left side 
the scrotum, but had been previous contact with mineral 
oil cotton-mulespinner for years. 

Woodworking (Fig. 31). epithelioma occurred the 
scrotum fitter and crane-driver sawmill, wood- 
turner and spindle-moulder machinist cabinet-maker’s 
for years who also acted engine oiler, and mill- 
wright factory making Venetian blinds. 

Coal-mining.. colliery pumpman for years had retired 
for years when epithelioma appeared the scrotum. 
engine-winding man colliery ironworks had been 
thus employed for many years when epithelioma appeared 
the face. 

Brewing. maintenance engineer brewery contracted 
epithelioma the penis after years employment. 
may borne mind, however, that addition lubri- 
cating oil, such man might well come into contact with 
bituminous paint frequently used breweries. 

Match manufacture. storeman match factory 
contracted epithelioma the scrotum after years 
contact with mineral oil the oil stores. 

Asphalt manufacture. only one which the 
epithelioma appeared the face firewatcher the local 
Borough Council for years, could the growth reasonably 
attributed bitumen, this man had been employed for 
the previous years asphalt factory where was 
definitely stated that only Trinidad Lake asphalt (or bitumen) 
was used. 


TIME ELAPSING FROM ONSET EMPLOYMENT 
MANIFESTATION THE NEOPLASM 

recent years, owing greater appreciation the 

significance so-called pitch and tar there has 

been increasing tendency for firms, especially the larger 


“ The two other cases in which there was contact with a bituminous paint 
have been included under the heading there was evidence 
them had been contact with bitumen alone, without the addition 
of coaltar. 


gasworks and tar-distilleries which periodic medical 
examination has been instituted, notify cases the first 
appearance the growth. Treatment radiotherapy 
given without entailing loss working time, and sometimes 
without previous histological examination. Such cases 
are included the statistics given this paper unless there 
definite reason for their exclusion. For example, wart 
may have fallen off before the Examining Factory Surgeon 
sees the patient. 

There difficulty attempting compare the time 
required from onset employment manifestation the 
disease for workers contact with pitch and tar and for 


GRAPH TIME ELAPSING FROM ONSET EMPLOY- 

MENT MANIFESTATION CUTANEOUS 

PAPILLOMA EPITHELIOMA 1,335 PERSONS 

CONTACT WITH PITCH, TAR, TAR-PRODUCTS 

COMPARED WITH 1,719 CONTACT WITH SHALE 
OIL, MINERAL OIL 


shale oil and mineral oil 


@--- 


pitch, tar and tar products 
Abscissae time years 


Ordinates number cases 


of 
210 
160 
120 
400 
| 


CUTANBOUS CANCER INDUSTRY 


those contact with mineral oil, the available data are 
not strictly comparable both cases. 

have previously illustrated graph the time required 
produce actual malignancy particular site (the 
scrotum) particular class operative (the cotton- 
mulespinner, contact with mineral lubricating oil). order 
make the graph for pitch and tar comparable with that for 
mineral oil, have now added cases all cutaneous sites 
all workers mineral oil who are known have been 
affected, and addition have included any known cases 
which the growth might still have been the precancerous 
transitional stage. For instance, the mulespinner who 
after years’ employment, keratotic growth which did 
not assume malignancy for further years, now appears the 

The shortest time elapsing from onset work manifesta- 
tion the growth the 1,335 pitch- tar-workers was 
months the case papilloma, months for 
epithelioma (pathologically confirmed) the forearm 
pitch-getter tar but previously employed 
above and below ground colliery for years, and 
years for epithelioma (pathologically confirmed) the 
face mixer and grinder pitch optical lens 
manufacture. 

The shortest time for the onset malignancy attributable 
oil 1,719 shale-oil mineral-oil workers was years 
the case shale-oil worker with growth the dorsum 
the hand, years for rodent ulcer the face oil 
pumpman mineral-oil refinery, and years for 
squamous-celled carcinoma the scrotum oil- 
storeman match works. Further, will seen from the 
graph that onset the maximum number cases pitch- 


_ * Dr. C. C. R. Downing, of Cardiff, who performs a periodic medical examina- 
tion of patent-fuel workers, has info me that he has never come across a case 
of epithelioma in such workers in under 5 years. 
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and tar-workers years after commencing work, 
but regards shale-oil and mineral-oil workers some 
years. Hence would appear that pitch (primarily) 
and tar are capable producing the disease man more 
quickly than mineral oil. 

The maximum time elapsing from onset work mani- 
festation epithelioma the case workers pitch, 
tar tarry products was years. this case, the man 
was brick-presser who had been contact with creosote 
for years and who had retired for years before the 
epithelioma appeared the scrotum and penis. mineral- 
oil workers, there was epithelioma the scrotum 
worker after years, and years elapsed before 
the onset epithelioma the scrotum, neck and hand 
respectively cotton-mulespinners, whom had 
commenced work from 1867 onwards when lubricating oil 
containing shale oil had been the market for about 
years. 


conclusion, should like express 
thanks those firms providing photographs certain 
processes, Dr. Smithers, the Royal Cancer Hospital 
(Free), Fulham Road, London, for providing certain photo- 
graphs cases specially for this publication, and all those, 
such Dr. Downing, Examining Factory Surgeon for 
Cardiff, the late Dr. Jenkins, Dr. Donald Hunter and 
Dr. O’Donovan, the London Hospital, who have the 
past presented photographs the large collection (the Ernestine 
Henry Collection) prints and photographs industrial 
processes and diseases which present possession but 
which, due course, will, trust, find permanent home 
some suitable College, Institute Centre. 
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THE ROLE ARSENIC 
CARCINOGENESIS 


Medical Inspector Factories 


Arsenic trivalent metalloid atomic weight 75, and 
specific gravity 5-725. pentavalent some its come 
pounds. occurs the free state but more often found 
compound form, e.g. realgar, which arsenic disulphide 
orpiment smaltine, nickeline and 
liberated from its ores heating enclosed metal 
retorts, when the element distils over and condensed 
steel-grey mass rhombohedral crystals which possess 
metallic lustre. The metal vapour form has charac- 
teristic smell garlic. There are three allotropic modifica- 
tions—black, brown and yellow arsenic—and these are said 
non-toxic. 

The most important commercial compound arsenic 
the trioxide, also known white arsenic, arsenious anhydride 
and arsenious acid. may occur naturally, but usually 
made large scale roasting arsenical pyrites, when 
sublimes white powder. oxidation forms arsenic 
anhydride, from which some useful compounds—such 
lead arsenate—may obtained. 

Apart from its being the starting-point the manufacture 
colours, such Schweinfurth green (copper aceto arsenite) 
and Scheele’s green (copper hydrogen arsenite), used 
association with sulphur the manufacture sheep-dips. 

Aromatic arsenicals are made principally for use the 
treatment venereal disease, and some the inorganic 
compounds have been used for many years for treating such 
skin affections psoriasis and pemphigus. 


Industrial Arsenical Risks 


The worker industry suffers arsenical risk directly 
the isolation the element, the manufacture its 
compounds, the processing these compounds for 
industrial use, and indirectly such side-effects exposure 
fume dust during the isolation other substances 
containing arsenic contaminant. Noteworthy examples 
regards dust are found among the Schneeberg 
miners, and from fume the accidental presence arsenical 
impurity acids used the nitration aromatic inter- 
mediates when arsine evolved. 

The risk pulmonary cancer other diseases the 
lungs has been known for centuries the Schneeberg area 
the Erzgebirge, where cobalt occurring the form 
arsenide (smaltine) has been mined. Nowadays, the mining 
bismuth has ousted cobalt, but nevertheless cases 
pulmonary cancer still occur, and arsenic still factor 
among others reckoned with. 

1879, Haerting Hesse (1879), defining the malignant 
nature the Schneeberg lung, came the conclusion that 
the inhalation arsenical dust was the major cause the 
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condition but other writers, Osler, for example, maintained 
that cobalt was responsible for neoplastic change. Rostoki, 
Saupe more recently (1926) examined 143 miners 
random sample, 176 workers the blue colour factory 
Oberschlema, and 120 persons from the local population 
outside the mining and factory areas. Among the miners, 
showed radiographically clear pathological condition 
the lungs, pneumoconiosis, tuberculosis, and 
tumours. Rostoki al. (1926) considered that the active 
irritant was arsenic and maintained that was capable 
producing tumours. 
typical analysis Schneeberg mine dust gives 
Silicic acid 5000% 


the Schneeberg mines, Joachimsthal, radioactivity 
pronounced, both the air and water the mine being highly 
charged with radioactive particles, and the view ‘gaining 
ground that radium and its products, either alone 
conjunction with cause carcinoma the lung. 
Some investigators would far deny arsenic any 
role the etiology this distressing malady, which the 
course the disease may fatal short period 
years from onset. Post-mortem, the lungs may show the 
presence simple carcinoma, perhaps 
lymphosarcoma, carcinoma the pleura, the bronchial 
glands and sometimes the ribs, but only rarely. The period 
contact with mine dust before onset disease varies from 
years, and there may lag period several years 
after giving mine work. The hewers are chiefly affected, 
although cases occur mine masons and labourers. Hyper- 
keratoses the palms the hands occur the men washing 
cobalt ores. These are suggestive the condition the 
palms following the internal administration arsenic the 
treatment skin diseases. 

Britain, there record the occurrence lung 
cancer among the Cornish tin miners, who are definitely 
exposed arsenical risk, although Ayrton Paris, 
physician practising Penzance during the period 1813-1817, 
maintained that arsenical fumes from the smelting works 
occasionally caused scrotal cancer similar that affecting 
chimney sweeps.. Careful inquiry carried out later this 
area disclosed evidence favour Paris’s claims. any 
case the scrotum site very rarely attacked arsenical 
cancer. Out cases reported the literature only 
were scrotal. 

The first hint Britain that arsenical dust might possibly 
damage the lungs was given the late Sir Thomas Legge 
(1903), when described condition irritation the 
upper air-passages coincident with keratosis the skin and 
pigmentation. These cases occurred factory England 
engaged the manufacture sheep-dip from white arsenic 
and sulphur. 

Pye-Smith (1913) collected cases arsenical cancer, 
among which were included (skin) sheep-dip workers. 
Merewether (1944) described fatal case pulmonary 
cancer another worker, and recorded similar cases 
notified the previous years. 

have records fatal case occurring English 
sheep-dip factory worker years age who had been 
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exposed arsenical dust during period years. Post- 
mortem examination the right lung showed that the upper 
lobe had been replaced white neoplasm in. in. 
cm.] approximately, involving pleura and extending 
around subclavian vessels. The growth was necrotic and 
continuous with large, ragged, ulcerated area the base 
the upper lobe, which contained recent blood-clot. This 
communicated with the main bronchus. The lower portion 
right lung showed advanced bronchiectasis, and all 
bronchi were filled with recent blood-clot. The left lung was 
congested and emphysematous, and there was growth 

the skin number scattered, slightly raised, 
light brown, rounded areas approximately mm. diameter 
could seen through the post-mortem staining the 
shoulders, upper chest-walls, and upper arm. There was 
slight scaling the skin the outer surfaces both arms. 
There was ulceration perforation the nasal septum. 

The sections lung and bronchial lymph-glands revealed 
columnar-celled adenocarcinoma, which there were less- 
differentiated areas and polygonal cell-growth and some 
necrosis. 

Three cases cancer the skin—one which was 
complicated the presence pulmonary cancer—have 
been noted among British arsenical insecticide workers during 
the last years, and there can little doubt that arsenic 
contributory factor, among farmers, gardeners and 
nurserymen, who handle arsenical preparations extensively 
and who may use arsenic-contaminated materials such 
soot and fertilizers. 


The Arsenic Theory Other Forms Industrial 
Cancer 


The common industrial cancers are: (i) mulespinners’ 
cancer; shale cancer; (iii) pitch and tar 
(iv) cancer the urinary bladder. 

The first type prevalent Lancashire among operatives 
engaged oiling the mule-spindles with mineral oil. The 
origin the earlier cases has been ascribed the shale oil 
used, which was well known have carcinogenic action 
the workers who processed the shale-bearing belt 
Scotland. The scrotum commonly affected, and 
Scotland chiefly the arms and legs. Pitch and tar cancer 
occur wherever pitch and tar are extensively and continuously 
handled and affect face and neck, chest, back, arms, legs and 
scrotum. Cancer the urinary bladder noticeably 
incident among workers handling such substances benzi- 
dene, and aniline the manufacture 
intermediate dyes. 

there something common these various irritants that 
helps bring about the same end-results? This question 
has been provocative much thought, and several investi- 
gators, particularly Bayet Slosse (1919) have become the 
champions the arsenic theory. 

These investigators found arsenic not only the virgin 
coal, but also the blood, hair and urine briquette 
workers using pitch. They claimed that pitch- and tar- 
cancer, and industrial cancers, generally were synonymous 
with arsenical cancer. This theory has been largely rejected 
cancer investigators, among the reasons being 

that some practically arsenic-free tars can cause cancer 
mice. 
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ii. coal-hewers not show higher incidence than the 
general population. 

the keratoses palms and soles are not typical pitch- 

iv. dibenzanthracene compounds carcinogenic potency 

have been isolated from tar. 

far cancer the urinary bladder concerned, there 
might have been some support for their thesis years 
ago, when this type cancer was mainly associated with the 
manufacture magenta. This one the earliest the 
artificial dyes and was originally obtained oxidizing with 
arsenic acid mixture aniline, and p-toluidine. avoid 
the arsenic risk, nitrobenzene, hydrochloric acid and iron 
filings have been introduced the oxidizing material, the 
nitrobenzene acting oxidant and the ferrous chloride 
carrier. 

Cases cancer the bladder, already mentioned, have 
been associated with the manufacture benzidene and 
this process, aminations reductions 
nitro amino groups may have made, using metal 
and acid reagent. The acid may contain arsenic 
contaminant. During the reaction changed arsine 
gas, which removed local exhaust ventilation. thus 
obvious that arsenic can longer etiological factor, 
since cases bladder cancer still occur even with new 
techniques which practically eliminate the possibility 
dispersion arsenic industrial processes. 

Mulespinners’ and shale-oil workers’ cancer are ultimately 
referable the common contact shale oil, and 
interesting record the views Scott (1923), who has wide 
experience paraffin workers’ cancer, Bayet’s. theory. 
says that 

“it also true that the dermatoses [shale oil] have some 

similarity arsenic conditions, some extent the acute 

state, but showing more resemblance arsenical conditions 
the chronic types but nevertheless can said that the 
paraffin workers’ dermatoses are not due arsenical poisoning. 

analysis average sample oil shale has been found 

that arsenic present the extent 0.00056% weight 


and that the blue oil which the workmen handle... 
0.000015 


This blue oil much purer than the Reichenstein water- 
supply later mentioned, where the concentration arsenic 
100 times greater. view the infinitesimal concentra- 
tion arsenic the oil, the oligodynamic efficiency this 
neoplasia, and one has still look elsewhere for the elusive 
cause these industrial cancers. 


Medicinal Arsenic Cancer 


Signs chronic arsenicism which may precede arsenical 
skin cancer are: (i) hyperpigmentation melanosis the 
skin (ii) keratoses. 

Hyperpigmentation, usually brownish-yellow tint, 
occurs sites which are relatively more pigmented than the 
adjacent skin, e.g. the axillae, areolae the nipples, groin 
and perineum, and pressure-sites, e.g. round the waist. 
Patches reticular mottling are often seen. There may 
other skin changes the direction chronic dermatitis 
and telangiectases. 

The keratoses are the most noteworthy features associated 
with the intermediate process cancerization. These 
commonly occur the palms and soles and are regarded 
precursors cancer. The nodular form characterized 
numerous corn-like elevations about mm. diameter. 
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the hands they frequently occupy the thenar 
and the lateral borders and the back the fingers, especially 
over the phalangeal joints. the feet they occur the 
heels and toes and may confluent, giving the skin 
leathery appearance. 

These keratoses, which may found any part the 
cutaneous surface, occur about the collected cases 
arsenical skin cancer. Sometimes they remain stationary 
regress, and sometimes, after long lag-period, physical 
change, such fissuring with infection, takes place and the 
keratotic areas assume malignancy. Ulcers with hard, 
pearly borders appear the site the fissures, and these 
gradually extend and invade the neighbouring tissues. They 
show little tendency heal. These ulcers, almost invariably 
squamous-celled type, are especially found the 
fingers, palms, heels and toes. arsenic 
demonstrable the affected tissues. 

Cancer has occurred several cases psoriatic patches 
treated medicinally during long period with arsenic, and 
has been assumed that the condition psoriasis, although 
perhaps predisposing the ultimate effect, did not play 
causal role. 

the collected cases arsenical skin cancer, over 50°, 
have occurred psoriatics, but considerable number 
developed subjects treated for acne, pruritis, pemphigus, 
dermatitis herpetiformis, the various anaemias, bronchitis and 
asthma, where the intermediate preparative condition 
rendering the tissues liable subsequent neoplasia-inducing 
insult was one keratosis. The high incidence cancer 
among psoriatics has led some investigators the conclusion 
that psoriatics are predisposed skin cancer, quite apart 
from arsenic administered their 
epithelioma may occur skin which has not undergone 
keratotic preparation. 

Jonathan Hutchinson (1887) described cases skin 
cancer supervening after arsenic medication for psoriasis 
over long period. all cases local keratosis had preceded 
the cancer. Earlier cases had been described other 
investigators, but these authors did not associate arsenic 
medication with the ultimate neoplastic condition. held 
that trivalent arsenic incriminable the development 
malignant change, and that the pentavalent variety has little 
effect stimulating cell-proliferation. The cacodylates, 
which are pentavalent, have been frequently used medica- 
ments, but there evidence show that they have 
exercised carcinogenic action. 

the collected cases arsenical skin cancer developing 
after medicinal treatment with arsenic, has been noted, 
among over 140 cases, that exposure arsenic during 
treatment varied from weeks more than years, and 
the great majority cases cancer resulted only after the 
drug had been administered for very long period—up 
years—although there have been some instances where 
the exposure was short duration. The average total 
quantity administered each patient was the order 
430 grains [28-7 g.]. 

Bowen, 1912, described skin affection with typical 
epithelial proliferation new type precancerous 
dermatosis. was marked clinically multiple, slightly 
elevated papules dull-red colour, covered with scaly crusts 
and arranged groups. Histological examination disclosed 
neoplastic process with abnormal keratinization and 
amitotic cell-division producing giant cells. The neoplastic 
process may remain intradermal, but about 
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cases infiltrating and metastasizing squamous-cell epithe- 
lioma develops. Many investigators alleged that Bowen’s 
disease was due arsenic, but Montgomery (1939) stated 
that his cases Bowen’s disease, arsenic was not 
administered nor were keratoses nor pigmentation present, 

Kennaway (1925) reviewed the distribution cases 
published that time. These were mostly medicinal 
origin. confirmed well-known tendency arsenic 
affect the fingers and toes contrast with cancer tar, 
pitch and shale-oil workers, whom the parts particularly 
affected are the scrotum, head and neck. Among arsenic 
growths patients, were located fingers, legs, 
feet, toes and trunk, 23% arms and hands, 23% 
scrotum, penis, head, face, neck, eye and eyelid, other 
parts. Kennaway criticized the assertion Bayet Slosse 
(1919) that the scrotum and its neighbourhood are the 
favou rite sites for arsenic cancer. 


Non-industrial Arsenical Intoxication 


Cases arsenical intoxication, some instances developing 
cancer, have been described occurring Reichenstein 
(Silesia) and Argentina, owing the relatively 
high concentration arsenic the public water-supply. 
Reichenstein, 1:22 arsenic was found one 
water sample. Cordoba some the drinking wells 
contained 0-45 arsenic. Some cases skin cancer 
have been reported the latter area, and these presented all 
the major characteristics medicinal arsenical cancer. 

The Reichenstein cases are not well authenticated, but 
interesting note that, addition the classical signs, 
perforation the nasal septum was often observed. 
Reichenstein cancer has largely been conquered the 
supersession crude smelting methods modern techniques, 
that the town, with its new water-supply and freedom from 
airborne arsenical dust, can now boast that its public water 
contains only 0.0015 arsenic. 


Experimental Findings 


Many experiments have been carried out various 
animals during the last years attempt shed some 
light the mechanism arsenical carcinogenesis. 

Leitch Kennaway (1922) skin-painted batch 100 
mice with alcoholic solution potassium arsenite. 
This preparation, which was later reduced concentration 
was applied times daily. After days, tiny 
wart appeared the site application among one the 
few survivors. second wart developed fortnight later, 
and histological examination showed squamous- 
celled epithelioma. 

second attempt, Leitch (1923) could not elicit any 
carcinomatous response his animals. possible that 
the chief factor militating against the success these experi- 
ments the high toxicity the arsenic salt, which does not 
permit the animal live long enough for its tissues 
precancerized. 

Other investigators, e.g. Lipschiitz (1924) and Raposo 
(1928), produced hyperkeratosis and hyperpigmentation, 
but obvious malignant change. 

Feeding animals with arsenic salts produced the same 
indeterminate results, although parenteral injections mice, 
chickens and rabbits produced sarcomatous changes. 
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The correlation occupation with incidence disease, 
often matter conviction the minds medical observers 
daily contact with the affected persons, may very 
difficult demonstrate statistical experimental 
methods. This the more difficult the disease question 
clinically not distinguishable from that occurring the 
non-industrial population. The matter becomes easier 
the occupation involved associated with processes which 
the affected persons have been exclusively engaged for 
sufficient time. Clearly, the numbers workers such 
processes are known and the incidence among them 
recorded, some certainty the occupational nature the 
disease can reached suitable comparison with the 
incidence the general population, allowing for such 
factors, for example, age and sex. 


the particular field bladder tumours, attempt was 
made Henry, Kennaway Kennaway (1931) determine 
such correlation examination and analysis death 
certificates cases cancer and papilloma the bladder 
both sexes and cancer the prostate England and 
Wales 1921 and Calculations were made the 
deaths that would expected considerable number 
different occupations, the populations which were arranged 
quinquennial age-groups, and these were compared with 
the actually registered deaths. Inevitably, difficulties were 
met with establishing the populations risk, sampling- 
errors, and obtaining detailed information clinical and 
occupational history. 

Nevertheless, suggestive evidence was obtained that 
occupations involving exposure coalgas, tar, pitch and 
soot there greater incidence bladder cancer than the 
general population. Having regard the known presence 
carcinogenic hydrocarbons these materials, some such 
result might have been anticipated. Unfortunately Henry 
al. (1931) were unable make similar analysis for 
chemical workers, was not possible ascertain the 
populations risk. the chemical industry that the 
most striking evidence obtained relation between 
bladder tumours and occypation. various times has 
been suspected that other agents might responsible for 
bladder tumours workers, but those which one can 
speak with some certainty ultimate causes industry are 
associated mainly with the manufacture organic inter- 
mediates. the disease met with this industry 
that this article will treat. 


CAUSAL AGENTS 


The condition has been named dye- 
workers’ and amino There are reason- 
able objections all these names. Thus, aniline certainly 
not the only cause. Only minority dye-workers are 
exposed the risk. Amino cancer” too broad term 
since, whilst the amino radical probably essential, there 
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Arsenic has also been combined with tar group animal 
experiments with view studying its influence the course 
tar-cancer, but the results not admit clear-cut interpre- 
tation, some experimenters indicating that has retarding 
action tar-cancer growth, others the reverse. Carrel (1925) 
injected chickens with mixture embryonic chicken pulp 
and arsenious acid. chickens, developed spindle-celled 
sarcoma after few days, and the tumours contained virus- 
like filterable agent which may may not have been produced 
the arsenic. 

other investigators produced sarcoma after the injection 
embryonic pulp alone, the influence arsenic negatived, 
and possible that virus contaminant had entered into 
Carrel’s experimental animals. 
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Conclusion 


difficult assess the function arsenic the production 
malignant change. may act chronic protoplasmic 
irritant directly stimulating epithelial proliferation. the 
other hand, because its profound effect cell oxidation, 
may bring about intracellular chemical breakdown liberating 
organic substances which are known produce cancer experi- 
mentally. These substances may act the site their evolution 
may transported distant parts effect time malignant 
change their ultimate destination. The general development 
skin melanin during treatment exposure suggestive, since 
melanins could very easily the precursors carcinogenic 
aromatic hydrocarbons. 
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are enormous numbers organic amino compounds which 
are certainly not involved the causation the disease. 
considerable number compounds employed the 
synthesis organic dyestuffs has been suspected being, 
giving rise to, carcinogenic agents, but hitherto only 
has been found experimentally produce 
tumours localized exclusively the bladder 
Hueper, Wiley Wolfe, 1938 Bonser, 1943).' 

The last-named worker used purified 
and has left substantial doubt that this compound 
bladder carcinogen, although not yet established 
whether acts such precursor the active 
carcinogen. 

Aniline was held bladder carcinogen continental 
observers before was apparent British and American 
students the disease. notable that Britain and 
the USA cases attributable exposure the manufacture 
aniline are relatively very rare. This may due the 
conditions manufacture, especially plant design. Aniline 
cases our experience have arisen rather the use the 
base for other manufactures than the production the 
base itself. Experimental proof that aniline carcinogenic 
not extant. 

Benzidine has not been shown carcinogen 
animal experiment, but clinically potent cause the 
disease (Berenblum Bonser, 1937; Kennaway, 1924). 

Much discussion has centred the question the possible 
carcinogenicity but the trend 
attribute such cases have occurred among workers engaged 
the manufacture this base the significant proportions 
This arises from the fact that the nitration naphthalene 
yields not only but also small propor- 
tion (up 5%) the isomeric and 
hence, reduction, corresponding amount 
thylamine. Experimentally, .-naphthylamine has not been 
shown carcinogen. That other amino derivatives 
have been shown produce bladder tumours animals 
well-known, e.g. azotoluene, 2,3’ azo- 
toluene, but these tumours have been associated with 
additional tumours other situations, whereas one 
the remarkable characters the disease seen industry 
that almost exclusively disease the bladder. Similar 
remarks apply the recent interesting findings with 2-acetyl- 
which, fed mouth mice, led benign 
and malignant tumours the bladder, the liver and the 
uterus (Wilson, DeEds Cox, 1941 Bielschowsky, 1944; 
Armstrong Bonser, 

The common factors those compounds which, 
industry, are responsible for the disease are 

they are basic. 

they are aromatic. 

iii. they are primary amines. 
The basic character great importance, for all the evidence 
points the innocuous the salts and the sulphonic 
acid derivatives. Whether this loss carcinogenic activity 
due solubility, and presumably more ready excretion, 
some fundamental inhibition the potent part the 
molecule, some modification metabolic changes 
which are essential transformation the base 
carcinogenic not possible present say. 


* [See also article by G. M. Bonser (BMB 973) in this number.—Ep. ] 
[See also article Bielschowsky (BMB 974) this 
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Loss basic properties is, course, well known greatly 
diminishing even the acute toxicity aromatic amines, 
e.g. the sulphonic acids aniline not produce methaemo- 
globin vivo and the hydrochlorides of, say, chlor-toluidines, 
are quantitatively much less toxic than the bases. 

Again, the integrity the amino group appears 
necessary for the carcinogenic effect. Whereas some 
American investigators regard substituted naphthylamines 
with some suspicion, e.g. and 
cases clearly attributable these 
compounds have been reported. Large quantities com- 
pounds this kind are manufactured for the rubber industry, 
but cases among workers exposed considerable dust the 
final product over many years not appear come light. 
Experimentally, neither these compounds has shown 
carcinogenic properties (Shear, quoted Hartwell). 

The association aniline with occupational bladder- 
tumours led some writers throw suspicion diphenyl- 
amine. our experience, workers exposed this compound 
appear suffer neither acute nor chronic effects. Animal 
experiments confirm this. Nevertheless, Miiller (1933), 
his list cases, gives diphenylamine the cause the 
Alkyl derivatives aniline (mono- and di-) have not, far 
know, ever shown themselves carcinogenic even 
after years exposure them. the other hand, acute 
symptoms methaemoglobinaemia follow considerable 
exposure these derivatives. 

suspicion that compounds other than aromatic are 
involved the causation cancer has ever arisen. Aliphatic 
primary amines are relatively much stronger bases, but 
association with the disease has ever arisen either the 
manufacture use these compounds. The complex 
polycyclic aromatic carcinogenic hydrocarbons not show 
experimentally any tendency select the bladder the sole 
organ attack, although may attacked common 
with other organs. 

The position azo derivatives the production the 
disease matter some doubt. This is, part, due the 
fact that workers engaged the manufacture azo com- 


pounds must come into contact with primary amines 


therefore difficult identify the responsible agent when 
case bladder tumour detected. 

Some recent work Elson Warren (1944) suggestive 
the particular case azobenzene, which they found could 
partly converted rats aniline and water-soluble 
derivative readily convertible benzidine dilute acid. 

The present position, then, the causation these 
tumours the dyestuffs industry, that 
and benzidine are certainly causes, aniline and 
amine are possible, perhaps probable, causes. our present 
state knowledge, other compounds may suspected, 
but clinical evidence and experimental support are not 
available. 


INDUSTRIAL PROCESSES CONCERNED 


Since the injury which later manifests itself bladder 
tumour occurs the course manufacture, will useful 
refer briefly the nature the processes involved. 
must, however, pointed out that cases have occurred 
dyers who have handled certain the amines for the 
purpose the preparation azo dyestuff for immediate 
use the dye-bath. 
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This prepared nitration naphthalene, with the formation 
a-nitro-naphthalene and small proportion 
naphthalene. Conversion the amine either reduction 
with and hydrogenation with hydrogen under 
appropriate pressure. either case proportion 
amine present the final product. distillation, the amine 
made available for the process flaking, which yields dry 
product readily giving rise considerable dust. modern 

plant considerable efforts are made prevent 
The evolution into the atmosphere fume from the stills. 
ii. The emission flake and dust from the flaking machine 


and from the containers (drums) into which the product 
discharged. 


Formerly, before the hazard this manufacture was fully 
appreciated, the product was distilled and run off into open 
buckets which, after cooling running water, were inverted. 
The solid truncated cone amine was then broken into con- 
venient lumps. the course years this led considerable 


number cases bladder tumour. 

Thus, briefly, there are two distinct aspects the process— 
(i) nitration and (ii) reduction and distillation. 

reduction clinical observation and control indicate 
that the liability bladder disease confined the latter, 
such compounds naphthalene and nitro-naphthalene being 
far bladder tumours are concerned. Whereas 
former times the base was taken from the plant hand 
other points, for the production such compounds 
naphthionic acid, the more modern plants transfer the 
molten base through heated pipes the sulphonators without 
the necessity for emergence the base. There remains, 
however, significant number processes which require the 
separation the base and, inevitably, some degree 
exposure workers the dust (mainly) the product. 


The manufacture this compound more complicated than 
that a-naphthylamine. The starting material 
which subjected the action ammonia and ammonium 
sulphite autoclave. The ammonium sulphite acts 
carrier the group thus 


+ $=0 + 2H,9 


naphthyl ammonium sulphate 
| + (NH,) OH 


-NH, 


The separation and washing the naphthylamine are followed 
distillation and flaking. 

The amination can also effected the vapour phase 
passing and ammonia over alumina high tempera- 
tures, but are not aware that this process used Britain. 
The hazard the process lies evolution fume and liberation 
flake and dust. Except the amine (and possibly some di- 
naphthylamine), there compound appearing this process 
which can suspected potential carcinogenic activity. 

Many cases have occurred among workers this process. 
Since all the evidence points the base least part the 
cause the disease, and since the main use the compound 
prepare from certain innocuous sulphonic acids, 
efforts have been made prepare the naphthylamine 
sulphonic acids starting from sulphonated 
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and aminating later stage. (1945) states that this 
has been done Basel with good has been stated 
that similar efforts have been made Germany. 


Aniline 


The large-scale manufacture aniline Britain carried 
out first nitrating benzene and then reducing the nitro- 
benzene the amine with and the latter quan- 
tities much smaller than seems required any simple 
formulation the reaction. The original report cases 
bladder tumours dyestuffs’ workers (Rchn, 1895) described 
the latter having worked the manufacture fuchsine, 
which involved the oxidation mixture aniline, ortho- 
and para-toluidine. But probable that these men were 
exposed other aromatic compounds. Since that time, 
cases attributed aniline and its alkyl homologues have 
appeared the Continental literature, but the rarity even 
suspicious cases USA and Britain possibly due 
the manner which the manufacturing operations are carried 
out and the design the plant. 

seems justifiable say that the plant-design and plant- 
conditions (ventilation, for example) are, general, such 
British and USA aniline manufacture, that cases bladder 
tumour attributable this compound are rare. 

Nitrobenzene, always noticeable the atmosphere 
aniline plant, not carcinogenic. 


Benzidine 


This compound manufactured various processes each 
which has given rise greater less measure cases 
bladder tumour. 

method widely used react nitrobenzene, with 
without organic solvents, with strong caustic soda solution and 
zinc dust, when, under careful control temperature and 
avoidance excess zinc, the nitrobenzene reduced hydrazo- 
benzene with the intermediate formation azoxybenzene and 
azobenzene. The hydrazo separated and can now con- 
verted benzidine hydrochloride the addition ice and 
concentrated HCl. suitable variation conditions the 
mono- di-hydrochloride can produced, and passes into the 
aqueous layer. addition the benzidine hydrochloride, 
significant amount diphenylene hydrochloride (2-4’ diamino- 
diphenyl) formed. 

Benzidine base formed precipitating the sulphate and 
basifying with soda ash. The base filtered off and can either 
dried or, obtain pure benzidine, distilled vacuo. 
Having regard the recognized carcinogenic action the base, 
the trend manufacture reduce the quantity base 
produced minimum, and use the hydrochlorides the 
subsequent manufacture the dyes. 

the presence alkali and solvent for the hydrazobenzene 
thus formed. 

The series changes occurring this reduction somewhat 
complex and the particular end-product obtained depends upon 
the adjustment conditions which side-reactions take place 
between the products the electrode processes. Thus, the 
cathode, the electrochemical reduction, depending the 
conditions, proceeds thus 


each product depending for its appearance its interaction with 
other products the physical condition which the reduction 
occurring. The nitroso stage is, any event, completed very 
quickly, its good depolarizing properties promote its rapid 
reduction. 
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suitable alkaline conditions, and with properly chosen 
high over-voltage cathode, and with suitable solvents, the 
phenyl hydroxylamine involved side-reactions well 
reductions giving rise azoxybenzene, azobenzene and hydrazo- 
benzene, the two former being further reduced the same 
conditions. 

The transformation benzidine then carried out the 
zinc reduction process. The proportions aniline and dipheny- 
lene formed are removed salting out the benzidine, the 
former compounds being left the mother liquor. 


third process, used mainly the Continent, apply 
the reducing action sodium-amalgam-alcohol system 
nitrobenzene, whereby hydrazobenzene and some proportion 
diphenylene and azobenzene are produced. 

The subsequent transformation benzidine shortly 
described above. 

has been said each these benzidine processes has 
varying degrees led the development bladder disease 
workers and, whereas the compound generally held 
responsible benzidine (the base rather than the hydro- 
chlorides), some consideration must given the possibility 
that the intermediate hydrazobenzene and the less-reduced 
form, azobenzene, may involved. 

Nitrobenzene and the other reagents not come 
question. the properties diphenylene diamino- 
diphenyl) know nothing. Generally, held that 
hydrazobenzene not carcinogenic, this view being based 
statements that “reduction have not developed 
bladder disease. But this, even accepted, means 
equivalent saying that the hydrazo-compound innocuous. 
The fact that, the older plants, hydrazobenzene was 
readily evidence whether (i) the filters the zinc process, 
(ii) the alkaline fine spray well the filters, the 
electrolytic process, and (iii) the filters the mercury 
method. That hydrazo spontaneously decomposes the 
certain 


Thus, those who know aniline carcinogenic and who 
know that azobenzene can, any rate the rat, give rise 
aniline, cannot fail regard hydrazobenzene potential 
menace. has been stated Auler (1937) that painting 
the skin rats with hydrazobenzene elicited tumour develop- 
This did not result, however, with mice rabbits. 
This rather remarkable observation, can con- 
firmed, having regard the complete failure others 
produce skin tumours with compounds known potent 
bladder Naturally, the degree exposure 
workers the hydrazo compound was, even the undesirable 
conditions former years, not intense was 
benzidine itself and the conditions for its absorption were 
not marked. For the former present mainly wet 
form and not dried distilled, whereas benzidine was 
either dried distilled and offered good conditions for 
absorption. The known great differences susceptibility 
men the development bladder tumours must make 
pause before asserting that hydrazobenzene innocuous 
this respect. our present state knowledge, take the 
view that the manufacture benzidine should regarded 
integrally hazard from start finish and that the base 
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should prepared only the plant design such pre- 
clude absolutely any maintained contact with, exposure to, 
dust the final product. 


ACUTE BLADDER IRRITANTS NOT ASSOCIATED 
WITH CARCINOGENESIS 


the industries which the carcinogenic aromatic amine 
bases are made used, many other compounds appear 
which, whilst not yet known exert influence the 
bladder that may later manifest itself tumour formation, 
certainly attack the bladder. Among these there are nitro 
compounds, amines, chloramines, nitro-amines, phenols, 
diamines, chlor-nitro compounds, and derivatives amides. 
These compounds general act acutely sufficient 
exposure and absorption have occurred. Signs and symp- 
toms are overt, and appear completely removed with 
suitable treatment and removal from exposure for time. 

For example, untreated splash hot 
p-chlor-aniline the skin may few hours lead the 
usual signs and symptoms methaemoglobinaemia, followed 
intense haematuria evidence acute haemorr- 
hagic cystitis, which can confirmed cystoscopically. 

The vapour 5-chloro-o-toluidine can give rise 
fulminating haemorrhagic cystitis, and notorious this 
account the dyestuffs industry, outbreaks this condition 
having occurred high proportion workers unsatis- 
factory plant and conditions. 

Acute aniline intoxication moderate degree can give 
rise symptoms bladder irritation and, occasion, 
haematuria. The mild cyanosis (due nitrobenzene 
aniline) frequently encountered workers aromatic 
nitro and amino compounds not usually accompanied 
bladder signs symptoms. But the number workers 
the organic-dyestuffs industry whose urine has one time 
another presented microscopic evidence cystitis 
irritant process the bladder high. The difficulty 
following the remote sequelae such bladder effects lies 
not only the fact that workers not always remain the 
industry, but also the fact that they are not general 
retained the same process operation, and are exposed 
great variety compounds. 

Such compounds and not 
produce the acute symptoms methaemoglobinaemia. 
Experimentally they not even very big doses, but 
benzidine, which relatively very toxic, causes methaemo- 
globinaemia the ordinary laboratory animals (not the 
rabbit, which have never been able produce 
methaemoglobin with any agent). certain that, with 
benzidine, the daily absorption, which enough lead 
ultimately bladder tumour man, not enough 
produce symptomatic cyanosis. 


Cases such those described (1933) must very 
rare. These were men, aged and 34, who successively 
replaced another worker (engaged grinding 
who had developed bladder carcinoma. Each these men 
contracted severe haemorrhagic cystitis week. Cystoscopy 
showed extensive congestion the bladder mucous membrane 
and isolated areas necrosis, the latter remarkable finding 
after short time exposure. Both men recovered 
short time and were transferred other work. The experimental 
analogue cases given Bonser’s (1943) dogs 
which, daily dose 150 mg. developed 
haematuria weeks, and Engel’s (1924) dog which de- 
veloped dysuria, frequency and haematuria days after 
subcutaneous injection 0.8 Whereas 
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Miiller’s cases may presumed have arisen from massive 
and sudden absorption the amine, other cases arise where, 
without any notable difference working conditions, sudden 
haemorrhagic cystitis makes its appearance. 

One such case came our notice 1937, when worker 
benzidine plant suddenly developed acute haemorrhagic 
cystitis. The haemorrhage was such that cystoscopic examination 
was impossible. The bladder was inspected directly but 
tumour was found: the bleeding was controlled and recovery 
was uneventful. recurrences signs tumour this 
patient have arisen the intervening period some years. 
Engel (1924) refers cases this kind among workers 
and case among workers 
and other products, all whom developed papillomatosis 

very difficult determine the remote sequelae 
acute haemorrhagic cystitis, but our evidence seem show 
that tumours not develop from them. Reference has 
been made 5-chlor-o-toluidine notorious bladder 
irritant. Our follow-up considerable number men who 
had developed haematuria and other signs haemorrhagic 
cystitis due this compound, and had recovered from them, 
has not brought light any evidence tumour formation 
the intervening years. 

similar follow-up for years case violent haemorr- 
hagic cystitis due absorption per cutem o-toluidine 
showed neither recurrence nor tumour formation. 

would appear almost the excitation tumour 
formation bladder irritants requires the latter 
the less violent kind and exhibited doses 
insufficient lead acute symptoms. general terms, 
the tissue requires opportunity and time react the 
carcinogen, whereas the violent bladder-irritants break down 
the tissue reaction its earliest stages. One the most 
striking characters these tumours the furtive manner 
which they develop, and another that they can arise long 
after all obvious exposure the presumed carcinogen has 
ceased. The tumour-forming process, nevertheless, 
some stage accompanied preceded evidence instability 
the lining membrane the bladder (flaking-off 
epithelial cells) and/or inflammatory changes (leucocytes) 
the urine. 

obtain even partial measure the irritant action 
the bladder not possible. Analysis urines workers 
for aromatic amines shows great variations from day day. 
shall give some figures this aspect, the fact that little 
precise significance attaches them, for one man may have 
much real exposure years another years. 

further factor bladder irritation personal idiosyn- 
crasy. Some authors lay considerable stress this and 
far as, consider that allergy plays part (Hueper, 1942), 
and offer this possible explanation not only varying 
individual susceptibility, but also for the facts that tumour 
may develop long after exposure has ceased and that 
frequently tumours develop after primary tumour has been 
operatively destroyed and further exposure terminated. The 
suggestion that process sensitization has become 
established and that may subsequently maintained 
endogenous products formed the body. 


METABOLISM BLADDER CARCINOGENS 


usually possible demonstrate the presence diazotizable 
amine very small amount colour-giving substances 
normally present urine, i.e. diazotization and alkaline 


coupling with, among other compounds, 
increase diazotizable amine usually demonstrable after 
acid hydrolysis the urine. Engel (1924) made the strange 
claim that. whereas the dog partly 
excreted base, practically quantita- 
tively excreted 

Wiley (1938) fed dogs and showed the 
presence the urine naphthalene 
conjugated with sulphuric acid. Hofmann 
Rhoads (1941) injected rats, rabbits and monkeys with 
olive-oil solutions and showed the 
presence the urine the base itself, its N-acetyl derivative, 
dihydroxyaminonaphthalene. 

Adler (1908) obtained from the urine rabbits injected 
intraperitoneally with benzidine dihydroxy derivative 
melting-point 130-138° 

preliminary experiments with Hannon and Corby 
(unpublished) evidence was obtained that rats partly 
acylate benzidine and partly hydroxylate it: rabbits 
similarly treated large doses benzidine, the free base 
could demonstrated the urine. Using the method 
chromatographic absorption and analysis dyes prepared 
from benzidine workers’ urine, and comparing these with 
synthetic dyes made from various benzidine acyl and hydroxy 
derivatives, have not been able yet demonstrate the 
presence free benzidine acyl benzidines. 

regard aniline the older observations appear 
unassailed, viz. that this base part excreted such, 
part p-amino phenol (conjugated with 

There certainty whether the direct carcinogens 
are the amino bases such metabolic derivatives them, 
but the negative point can made that suspicion has 
ever arisen carcinogenic effects among the very many 
workers who have worked for years with great variety 
phenolic compounds well acyl and aryl derivatives 
amines. one would expect some common factor 
the etiology disease such this which, whether arising 
from naphthylamines, aniline benzidine, shows great 
variations its occupational aspects, one inclined 
believe that the base such which the effective agent. 


OCCUPATIONAL FEATURES THE DISEASE 
Manner Absorption the Amino-bases 


The manner absorption naturally depends upon the 
industrial conditions which the hazardous operations are 
carried out. not improbable that the latter part 
the 19th and the first years the 20th century, workers 
parts the dyestuffs industry ingested per considerable 
daily amounts the solid amines, and that absorption 
through the skin of, especially, aniline, was far from 
negligible. more recent years, with recognition the 
nature and probable origin the disease, absorption 
these routes has probably been much diminished. Absorp- 
tion the respiratory route the dust the solid amines 
and the fume all them must have been very great. 
the modern period this remains the most significant route 
and the one most difficult eliminate, especially charging 
points, stills, flaking- and grinding-machines, drying-ovens, 
sulphonators, etc. Significant absorption can occur non- 
manufacturing departments where contaminated materials 
are handled, e.g. laundries, repair-shops, etc. 


7 
| 
| 


OCCUPATIONAL 


Latent Period 


This the estimated period between the first entry into 
the hazardous occupation and the first appearance signs 
symptoms bladder disease. common practice 
among students this condition give average periods 
latency. What precise meaning attached this 
average not clear. The latency depends upon number 
factors, the weight each these being impossible 
assess, e.g. individual predisposition, the intensity 
exposure, perhaps the nature the carcinogen, the con- 
tinuity exposure, intercurrent disease, and perhaps still 
others. 

Average latent periods recorded are 


Oppenheimer 18.5 years 
Miiller 
Henschen (1937) 


own series cases the minimum latent period 
about years and the maximum years: 53.6% the 
between and years. series 42% the 
cases had latency between and years and 28% 


Period Exposure 


This the length time during which affected workers are 
known have been exposed the hazards. differs from 
the latent period many cases, because the first signs 
disease may appear years, often many years, after exposure 
has ended. apparent relation exists between the period 
exposure and the latent period, except that they are equal 
work has been continuous and disease manifests itself 
whilst the hazardous work still being pursued. 

unusual for workers engaged without intermission 
solely the hazardous processes and hence determination 
the period exposure frequently approximate. 


Koelsch (1935) held that months’ exposure 
lamine could sufficient lead tumour formation. Hueper 
(1942) analyzed European series 137 cases, which 
had from years exposure and only years. 

Evans (1937) found that, cases the USA, 13.3% had 

series (49 cases which exposure period could 
given), the shortest period was year and the longest years 
Maio (1937) examined dyestuffs workers and found 
that had changes, had benign and 
malignant tumours the bladder. The periods employment 
the industry were years the pre-cancerous cases, 
years the benign cases and years the malignant 
cases. 

own series the precise total period actually worked 
the hazardous process was indeterminable: the only reliable 
figure was the total period the industry before development 
tumour, and clearly this will many cases considerably 
higher than the actual period exposure the hazards. 

The shortest period thus determined was years, the longest 
industry and had from years before developing 
bladder disease. 

Other data the literature substantiate fundamental 


feature the fact that the disease may become established 


* The dilemma presented by data of this kind is apparent in that, given industrial 
and individual conditions which may provoke the disease, there does not appear 
to be any certainty that the disease will not be established even after leaving the 
industry. In spite of this, however, it is by no means the case that all exposed 
workers develop the disease. It has been stated that it is mainly workers of 
unclean habit who are most prone. 
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very short time and that, therefore, medical observation 
and urinary cystoscopic control are necessary from the 
Start. 


The Affected Worker 


Assuming that treatment the affected worker has been 
sufficiently successful permit his return work, the 
question once arises whether should returned his 
former occupation. The natural and immediate response 
likely negative, but various reasons can given 
against such view, and may summarized thus 

the hazard still exists, replacement the worker will 
increase the population risk. 

ii. The affected worker, even apparently cured, still 
subject the possibility recurrence whether further 
exposed not. 

iii. cystoscopic control practised, recurrence can 
detected stage early enough reasonably 
assured successful destruction the tumour 
tumours. 

iv. With improvement plant-construction and -operation, 
the hazard being steadily overcome. 

The reaction the Worker each these may rather 
different and may often summarized thus 

This argument not very impressive affected 
person. 

ii. likely that recurrence will occur non-hazardous 
work the former work 

iii. Since cystoscopic control should continue any event, 
why not return the hazardous occupation? (This 
not infrequent among the more intelligent workers 
but depends his experience and reaction 
cystoscopy.) 

iv. What special improvements have been introduced and 
what special amenities and safety-precautions are now 
available The lag between improvement conditions 
and any fall incidence obvious. 

The practice recommended American authorities 
(notably Gehrmann, 1936) return the men the former 
work. recent years the Swiss industry has followed the 
same practice (Miiller, 1945), and recognized the 
Swiss National Accident Insurance. German authorities 
recommended the practice good many years ago, although 
Nassauer (1919) went far recommend 3-monthly 
what the practice is. The disease not scheduled 
industrial disease and regulations have been issued 
the course adopted. The writer takes the view that the 
particular circumstances any individual case must 
mine what Had Simon’s (1930) view the 
relatively benign character these tumours been borne out 
experience, the issue might have been easier decide, but 
now known that they are very often extremely malignant. 
high proportion cases, return work any kind 
impossible. others, for example, after considerable 
resection, long convalescence often necessary, and return 
the routine chemical process not considered the 
patient. Cases successfully treated fulguration, especially 
the tumour has been located the vault, frequently look 
and feel well and can return their former work but have 
little desire so. 

The psychological effect severe haematuria cannot 
neglected some workers. Instances are known men 
refusing continue work process where cases 
bladder disease have been detected. 

The dilemma can resolved only such redesign 
reconstruction plant and control atmospheric con- 
ditions, and elimination all handling the products— 
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or, better still, the rejection routes manufacture 
which involve the separation the carcinogenic bases—that 
all workers can assured the safety the work. The 
writer not unaware the difficulties. 


Factory Medical Control 


Prospective employees who are enter the hazardous 
processes shoula 


healthy adults and clean habit. 

have family history malignant disease. 

have personal history renal vesical disease. 

have history venereal disease. 

given cystoscopic examination before commencing 
work and rejected any sign disease present. 
agree periodic routine cystoscopy least once year. 

The age which such workers should permitted 
enter the hazardous work depends, our view, the 
conditions the particular factory. Judgment should 
based the loss expectation life hitherto experienced 
affected men the industry. Where the working con- 
ditions are bad, the loss expectation life worse for 
young men than for older men. the object employing 
worker assure him reasonable length working 
life, then, subject the requirements given above, should 
not permitted enter this work young man unless 
the conditions are held substantially safe. 

Those who recommend that young healthy men should 
chosen for this work may not have had our experience the 
effect successive cystoscopies the minds young 
people. 

ii. Prospective employees should informed the 
nature the work and instructed detail the hazard 
involved and the measures taken combat it. 

iii. Once allocated hazardous process, the worker 
should, possible, maintained there throughout his 
working life. 

iv. Throughout his working life should under 
medical control designed detect any sign incipient 
overt disease the bladder. Such control should include 
full clinical examination every three months, laboratory 
urine-testing (chemical and microscopic), and cystoscopy 
such periods appear dictated the working con- 
ditions, e.g. poor working conditions 6-monthly cystoscopy 
may considered necessary. Chemical tests urine should 
include determination urinary aromatic primary amines 
check upon the working conditions. 

Maintained presence abnormal cell constituents the 
urine should lead cystoscopy. Routine cystoscopy 
stated used USA and Switzerland, but not Britain. 
The great advantage routine cystoscopy that more 
likely detect tumours before malignant changes have 
developed and, small proportion, before any urinary 
signs are present. 

Valuable routine cystoscopy is, its practicability 
dependent upon the acquiescence the workers. the 
USA cystoscopy, certain industries, can performed 
the factory medical department. 


[6. LEGISLATION 


Whereas some countries the disease notifiable and 
scheduled industrial disease, this not yet the case 
Britain. 

The difficulties inherent the problem schedule, the 
manner adopted Britain, condition such bladder 
tumour, are great that, spite the tacit recognition 
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occupational disease for many years, practicable 
formula has not been found. Not least among the difficulties 
are those making allowance for the latent period and 
making reasonable specification the processes which 
would held involve the hazard. 

very great difficulty define when the disease 
held present. The pre-tumour stage elastic 
conception, but would not equitable define the 
disease only the detection overt growth. Further, 
since few cases renal tumours have been present with 
the bladder tumour, would impossible delimit the 
disease the bladder alone. Again, nobody would ready 
assert that known liability tumour-formation the 
bladder would without some influence organs tissues 
the neighbourhood that organ. 

The absolute incidence bladder tumours the popula- 
tion whole considerable, and since aromatic amines 
their derivatives are used variety industries 
becomes still more troublesome find reasonable formula. 

conceivable that restriction certain occupations 
might practicable, but the period during which employer 
other source compensation should held liable 
could not less than the lifetime the worker. 

Since known that liability recurrence feature 
the disease even without further exposure the hazards, 
the right could not denied for affected worker claim 
damage done him which will last for his lifetime. The 
repercussions such right need hardly emphasized. 

may perhaps practicable draw registers for all 
persons employed particular processes and apply the 
provisions special schedule them and them alone. 
This, combined with the most stringent regulations the 
design and operation plant, working conditions, and 
medical control, might some distance eliminating the 
disease. The duty deciding the occupational origin 
the disease any given case could made lic upon the 
medical control and upon person persons appointed 
the appropriate minister. the event death due 
the disease, the medical control and its detailed records could 
made available the coroner and the persons appointed. 


Retrospective cases would each have considered 
their merits. 


SIGNS AND SYMPTOMS 


may said once that there nothing distinguish 
between the signs and symptoms the occupational tumour 
the bladder and those the non-occupational. The 
outstanding difference lies this, that there ample 
knowledge some aspects the causation the former 
and reasonable chance anticipating the worse forms 
routine cystoscopy adopted. 

There greater lesser length time during which 
external signs symptoms all are present, but even 
this period tumour may already become established. The 
period external signs symptoms may terminated 
sudden haematuria with little discomfort pain 
this may due tumour. 

the other hand, may end with the appearance the 
urine epithelial cells and later few erythrocytes, but still 
without symptoms. Examination the bladder this 
stage may show little significant change. Maintenance 
epithelial exfoliation and slight haematuria may found 
later associated with slight ulceration tumour. 
From the first appearance haematuria the demonstrable 
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presence tumour, very considerable time—even years— 
may elapse. Throughout this development, the general 
condition the patient usually quiet and undisturbed, 
much that may refuse cystoscopy until visible haema- 
turia convinces him its necessity. 

certain relation appears exist between the degree 
haematuria and the degree malignancy the tumour. 
Nor need even considerable haematuria certain evidence 
that tumour present, has already been pointed out. 
Cases are found which symptom complained 
except certain amount and which the 
urine shows maintained slight haematuria with associated 
leucocytes, and yet inoperable carcinoma discovered 
cystoscopy. the other hand, sudden severe haema- 
turia may found associated with two three small 
papillomata not yet showing obvious malignancy. Thus, 
the detachment frond from highly friable benign 
villous papilloma may followed once violent 
bleeding the other hand, ulcerated sessile papilloma 
with considerable invasion into the bladder-wall may show 
similar violence bleeding, whereas exactly similar 
tumour with marked malignant changes the base, but little 
breakdown the surface may show visible bleeding 
only microscopically detectable blood cells. One sometimes 
has the feeling that considerable haematuria more likely 
turn out due papilloma good prognosis. 

The intensity the haematuria may vary greatly from 
day day, sometimes ceasing altogether for weeks months 
Such cessation indication any diminution 
tumour development. may lead belief the patient 
that the condition disappearing but will not deter the 
surgeon from maintaining his cystoscopic examinations. 
Leucocytes are often found the urine workers affected 
tumour the bladder, sometimes considerable 
the whole, the likelihood malignant change greater 
much pus found, assuming that instrumentation 
operation the usual causes cannot account for (descending 
infection, pyelitis, obstruction, prostatic disease, gonococcus, 
Leucocytes indicate, general, ulceration either the 
lining the bladder the surface layers tumour, and 
they need not associated with pyogenic organisms unless 
there obstruction. 

Haematuria may lead formation thrombi, and the 
passage these results great pain micturition acute 
retention has also been observed. Similar symptoms may 
follow dislodgement small masses tumour tissue such 
small masses, sometimes the form fluffy threads, are 
often seen the urine. 

The degree pain malignancy depends also upon the 
infiltration and invasion the bladder-wall and pelvic 
tissues. worker may seek advice for pains the bottom 
the back the supra-pubic area, even vaguely the 
hypogastrium, before there any apparently significant 
haematuria, and deeply infiltrating tumour may found, 
late, almost terminal, stage, when the branch systems 
from the pelvic plexus are also involved, maintained pain 
present. When this has occurred, there almost certainly 
associated pyo-nephrosis with pain the lumbar region. 

unusual nowadays for case operable papilloma 
secondary anaemia, but the inoperable case, carcinoma 


* It is significant to recall that Debenham (1933), from a study of 742 cases of 
haematuria, concluded that when this occurs as the initial sign in the male, there 
is a 50% chance that it is due to carcinoma of the bladder. 
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papilloma, soon deteriorates, the patient developing toxaemia 
and all its sequelae spite deep x-ray therapy implanta- 
tions radon 


PATHOGENESIS 


Writers this disease commonly emphasize that the most 
frequent location the tumours the trigone and the 
region the ureteric orifices. This fact adduced some 
support for the view that the tumours arise from the 
effects the carcinogenic agents excreted the urine and 
maintained contact with the base trigone greater 
quantity and for longer periods than elsewhere. 

The evidence favour this relative stasis important 
factor mainly from experiments dogs, which the 
majority the tumours induced were found the dome and 
the anterior parts the bladder, where also the biggest 
tumours were present—i.e. the most dependent parts 
the ordinary lying standing attitudes (Hueper 1938). 
similar position found with tumours induced mice 
aniline and o-amino-azotoluene (Lacassagne, 1935; Yama- 
zaki Sato, 1937 Hueper al., 1938). 

Again, the facts that the attack the bladder primarily 
the epithelium and never the connective tissue, and 
that the tumours formed are epithelial tumours and not 
connective-tissue tumours (sarcomata), would seem also 
point direct action the lining the bladder, unless 
can shown that the carcinogens are some way specifically 
active against epithelial tissues. 

Some importance attaches also the fact that the solu- 
bility the urine both the amino-bases and their meta- 
bolites will diminish the urine the resulting 
undissolved matter will then tend accumulate the base 

Structural abnormalities predisposing stasis urine 
the kidney should, the view that the amino-base the 
carcinogen and acts from the urine, bring about conditions 
likely lead tumour formation. Cases this kind have 
been described. Thus Miiller (1936) reported case which, 
years after partial cystectomy for carcinoma the vault 
benzidine worker, there was recurrence haematuria 
which was shown, after much investigation, due 
carcinoma supernumerary kidney the left side. The 
tumour was considered have arisen the pelvis this 
accessory kidney, had involved its whole mass, and had 
pushed plug malignant tissue into almost the whole 
length the ureter. There were two ureteric orifices and two 
parallel ureters the left side. The other kidney lay below 
the tumour-bearing one, was compressed, and was apparently 
functioning normally. There was recurrence the 
partially resected bladder, and hence the renal tumour was 
taken new primary growth. was very malignant 
and had given rise many metastases. The known liability 
double kidneys stasis and disease suggests itself having 
some relation the tumour formation, that the amino- 
base its derivatives would have been longer contact 
with the supernumerary organ than was the case with the 
normal kidneys. 

addition, experiment can readily show that injection 
amino-bases the kind associated with this disease are 
rapidly concentrated the bladder and continue appear 
there for longer than they the principal organs 
and 


iy 
4 
3 
412 
a 
| 


the other hand, Ferguson, Gehrmann, Gay, Anderson 
Washburn (1934) proposed the theory that the carcinogenic 
action was exerted not the products when the urine, but 
they circulated the blood. support this there were 
the following observations: the tumour-forming process 
appears begin sub-epithelial vascular reaction, the 
epithelium being affected secondarily any part the organ 
may involved; the much greater vascularity the 
the so-called recurrences are almost certainly 
newly-arisen tumours routine cystoscopy frequently shows 
localized sub-epithelial telangiectasis and blood effusions. 
(1938) held, experimental grounds, that the 
carcinogen 
circulates the blood and hence the vesical vessels 
ii. excreted the urine and therefore contact with 
the epithelium 
iii. can excreted into the bladder diffusion from the 
vessels 
iv. can re-absorbed from the bladder and deposited 
around the capillaries the bladder wall. 


hypothesis combines features the two others, but 
adds the conception re-absorption from the bladder, for 
which substantial evidence especially the bladder 
epithelium congested inflamed. These theories not 
offer real explanation the fact that tumours may and 

develop long after all exposure has ceased, the long 
latency during exposure, the apparent immunity many 
workers. seems that simple theory the carcino- 
genicity the amino-bases can explain the appearance 
tumours years after the last trace them must have 
disappeared from the body. 

the grounds location and nature, there funda- 
mental difference between the occupational and non- 
occupational tumours. Even Hueper (1942), who 
protagonist the urine-carcinogen theory, agrees that 
tumours chemical etiology follow their 
location and distribution the cryptogenetic vesical neo- 
Recent work Steele, Koch Steiner (1941) 
and Shabad (1945) offers evidence the existence urine 
so-called blastomatogenic agents. 

One tempted consider that both groups, occupational 
and non-occupational, may arise from the same ultimate 
process. such view foreign substances such the 
aromatic amino-bases their metabolic derivatives 
the blood the urine, may act potentiators the 
tissue the process. 

The presumption that the carcinogen present 
greater lesser degree all, but that the tumour reaction 
will depend the sufficiency the carcinogen that 
the potentiator. Such hypothesis could perhaps account 
for the marked tendency once 
potentiated, always potentiated. 

Again, different individuals may held have varying 
amounts and availability carcinogen and hence, even with 
the same amount potentiation, varying response from none 
extreme malignancy. (This is, course, known among 
workers amino-bases). The relative incidence occupa- 
tional bladder-tumours among young adults much 
excess that non-occupational tumours. This fact, 
the above hypothesis, may due marked potentiation 
otherwise unsufficiently active carcinogen. 

The identity the two groups tumours suggests some 
identity process. The practically exclusive incidence 
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the disease the bladder suggests that potentiation 
dependent upon adequate concentrations. 

The conception potentiation familiar physiological 
and pharmacological processes and allergic reactions. 
industrial skin disease, especially that associated with 
exposure organic compounds, very common find 
general potentiation the skin (polyvalent sensitization) 
arising from apparently quite triviai local reaction 
irritant 

regard the aromatic amino-bases potentiators simply 
splits the problem causation. The fact that these com- 
pounds can direct action produce manifest injury the 
bladder lining not the sole basis for the conception, for 
many other organic compounds also can injure the epithelial 
lining without, far know, leading later tumour 
formation. Inflammatory disease the bladder lining 
clearly not necessary precursor neoplastic growth. The 
old calculus theory bladder tumours was long since 
exploded. 

The problem clearly more subtle. The key lies, 
suggest, discovering first what structural functional 
changes are brought about the bladder epithelium the 
presence the amino-bases their derivatives. One the 
about, already referred to, disruption 
the stability the layers epithelial cells. 

The second necessary point elucidate the endogenous 
factor which, acting upon epithelium which attempting 
regenerate, produces that extra stimulus which the 
carcinogenesis. 

Selection organs for attack cases non-occupational 
neoplastic growth always puzzle. occupational 
tumours the selection perhaps less puzzle, because 
the close correlation between the point attack the 
occupational hazard and the location the subsequent 
primary tumour development. But, hold that the evidence 
points the existence some unitary process. 
carcinogens, present understood, without the belief 
and search for underlying unity, chaos. 


PATHOLOGY 


The tumours, benign malignant, that arise result 
exposure amino-base are epithelial growths. The 
changes, other than neoplastic, that arise are changes the 
epithelial lining the bladder. 

Although considerable variety appearances found 
the principal are 


papilloma (apparently benign); 
carcinoma papillary carcinoma; nodular infiltrative 
carcinoma the bladder. 


much less frequent occurrence are mucous polyps, 
carcinoma the renal pelvis, carcinoma the ureter, 
adeno-carcinoma the bladder, leukoplakia. 


picture the development the tumours obtained 
from the experimental results Hueper a/. (1938) and Bonser 
(1943). The latter saw gradation from simple epithelial hyper- 
plasia carcinoma with lymphatic permeation and invasion 
muscle. The epithelial layers increased numbers and the 
cells were swollen. 

Further there were intra-epithelial proliferation with down- 
growth into the sub-epithelial tissues: this downgrowth was 
stated have been both simple and malignant character. 
Simple and malignant tumours were found the former, simple 
transitional-cell papillomata with fronds 
the latter, malignant papillomata transitional-cell type, 
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anaplastic polygonal-cell type, and tubular type: any malig- 
nant tumour might mixed type. 

the histologically benign papilloma Hueper al. (1938) 
noted that the cell layers the papillae varied number from 
2—3 more. The cells appeared normal tran- 
sitional type, but occasion were hyperchromatic and almost 
lymphoid, and sometimes large polygonal and epithelial type. 
The vascular connective tissue the core the papillae appears 
loose and oedematous, and moderately infiltrated with lymphoid 
and mononuclear cells. The capillary network rich and 
dilated, and the tips the papillae small haemorrhagic 
areas are seen. Degeneration changes the epithelial cells 
included ballooning, cytoplasmic vesiculation, nuclear pyknosis, 
atrophic shrinkage, and intra-epithelial cyst-formation. The 
pedicle could undergo fibrosis. The papilloma could assume 
variety shapes and consistencies, from the tufted delicate 
fibro-epithelial type the stumpy, thick, sessile warty pro- 
jections. Muliple small papillomata narrowly separated were 
also found, constituting the condition papillomatosis. 

The potentially malignant changes which apparently 
benign papilloma may undergo are common experience, and 
may man follow unsuccessful attempts destruction. 
long certain regularity structure maintained, 
e.g., long axis epithelial cells right angles long axis 
papillae, the benign character least likely preserved, 
but when there begin appear groups irregularly dispersed 
and irregularly shaped cells with frequent and abnormal 
mitoses, certain that malignancy developing. the 
region the base the tumour, invasion into the wall 
the bladder begins and, unless destruction successfully 
performed, proceeds more less rapidly involve the 
whole thickness the organ and beyond. When this 
invasion has become well established the wall, fulguration 
often fails prevent extension recurrence, 

Whereas malignant changes can set upon papilloma 
which favourable circumstances might have remained 
benign, many cases the process appears have been 


malignant from the start. The individual factor very 
evident, for whereas some workers will repeatedly present 
tumours which are apparently entirely benign, others seem 
never have gone through period benign growth but 
react with malignant invasion from the outset the tumour 


formation. The process may mainly centrifugal 
centripetal relation the lumen the bladder. the 
latter case, papillary carcinoma the likely result the 
former, nodular infiltrating carcinoma. Papillary carcinoma 
arises broad base, broad base may develop from the 
coalescence neighbouring papillary projections. The 
tumour its early stages may seen slightly elevated 
plaque which more less rapidly develops into solid 
round-topped mass sometimes short villous processes are 
seen from which, there ulceration, there may con- 
siderable bleeding. Malignant invasion occurs into the 
fibro-vascular tissue and into the bladder wall adjacent 
the base. Histologically, balloon cells, giant cells, active 
mitoses, and local necroses are seen. The latter may 
associated with atelectasis the capillaries with infection. 
Experience clinical control workers leads one lay 
considerable stress the presence leucocytes the urine 
accompaniment probable malignancy. This type 
has been stated above mainly centripetal growth 
extension through the bladder wall does, course, occur, 
but many cases this process relatively slow. 

the nodular infiltrating carcinoma there early invasion 
the sub-epithelial layer abnormal pegs cells similar 
transitional epithelial cells. Frequently the cell-type 
undifferentiated and may round oval, giving sarcoma- 


Goldblatt 


like appearance. The tendency liquefaction-necrosis may 
yield appearance adeno-carcinoma, but true tumours 
this kind are rare. 

The nodular carcinoma may arise from leukoplakic area 
irregular, swollen, vesicular polygonal cells lying deeper 
layers transitional cells. 

Involvement the ureters and kidneys unusual but 
described. our experience tumours the ureters have 
appeared extensions from the bladder tumour. 

Miiller (1940) described interesting case which there was 
broad-based typical transitional-cell papilloma the ureter 
below the point crossing the common iliac artery, associated 
with intense inflammation the ureteric wall. tumour 
was considered primary. was discovered operation 
from which there was recovery. our experience, involvement 
the ureter has occurred quite close the ureteric orifice, 
has been malignant, and was discovered post-mortem one 
case was bilateral. the rare cases which the kidney was 
involved, the tumour, our experience, was primary, was the 
infiltrative type, and was diffused throughout the organ, which 
had been almost completely destroyed. one case there was 
metastatic nodule one kidnéy secondary very extensive 
sessile infiltrating carcinoma the bladder; large metastatic 
deposits this case were found the lumbar lymph-glands and 
the mediastinum which, section, proved transitional- 
cell carcinoma. Primary tumours the renal pelvis have 
not been found series. 

Metastases have been described the regional, inguinal, and 
paravertebral lymph-glands, the latter case high the 
cervical spine. The supraclavicular glands may involved. 
one our cases there was large gland-mass the left neck. 
Perirenal metastases may extend and perforate the lumbar 
skin 1933). Others may found vertebrae, liver, 
lungs and even the cerebrum. 

Direct extension the tumour may involve the sigmoid colon 
and occasion the prostate. The ureteric orifices one 
both sides frequently become occluded extensive growth 
and, occasion, the ureter itself becomes occluded the 
infiltrated tumour. The consequences such effects—hydro- 
nephrosis, pyonephrosis, infection, dilation and accumulation 
pus the ureter, toxaemia—are manifest. 


10. TREATMENT 


Prophylactic Measures 

Since the workman exposed certain aromatic amino- 
bases undergoing process which sooner later may lead 
the formation bladder tumour, logical prescribe 
treatment from the beginning exposure. 

the hypothesis that the concentration the com- 
pounds excreted the urine determining factor the 
stimulus tumour development, increased fluid intake may 
prescribed, e.g. pints 1.] milk, coffee, tea 
other non-alcoholic drinks and diuretic during the 
working-day -shift. The volume fluid thus given should 
sufficient reduce the concentration diazotizable 
amine the urine almost indeterminable levels. 

the hypothesis that the active agent the amino-base, 
may helpful assure that the urine maintained always 
the acid side. Hence the administration adequate 
amounts such compounds sodium hydrogen phosphate, 
calcium chloride ammonium chloride, and acid- 

Attempts inactivate the amino-group the administra- 
tion non-toxic chemical compounds suggest themselves, 
but have not succeeded finding suitable agent. 

The frequency with which workers are found have 
low-grade cystitis suggests that urinary antiseptic may have 
its place these preventive treatments 
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The absolute amount diazotizable amine the urine 
(before and after hydrolysis) can serve useful control 
the plant conditions. 


Acute Haemorrhagic Cystitis 


Acute haemorrhagic cystitis brought about the absorp- 
tion aromatic amines treated standard lines rest 
bed, bland diet and bladder-sedatives and diuretics. Symp- 
toms are sometimes quite severe, but have found these 
cases clear 2-4 weeks. Once removed from the chemical 
source, there rapid diminution the haematuria and 
symptoms. 

some cases, however, the acute form may pass into 
chronic but mild form not associated with tumour develop- 
ment. Operation instrumentation can contribute the 
development the chronic form. This illustrated the 
following case 

man 33, who had worked for years chemical 
without any urinary signs symptoms was transferred 
benzidine process where worked for years without any 
urinary abnormalities. then suddenly developed extremely 
violent haematuria with pain, frequency and strangury. very 
complete examination showed renal disorder and only 
intense inflammation the floor the bladder. 
haemorrhage was very profuse, the bladder was cpened, but 
tumour was found. The urine was bacteriologically negative 
(including guinea-pig test). period hospital and mild 
treatment led recovery. The patient returned work and 
was set boiler-firing, which pursued for years. There 
has been further contact with hazardous compounds. During 
this period has had urine examinations and cystoscopy. 
The latter, some years after restarting work was quite negative, 
but there have been intermittent mild haematuria and pyuria 
one occasion years after the operation there were many 
erythrocytes seen the urine. present, years after opera- 
tion, well and, except for faint albuminuria, free from all 
signs symptoms bladder other disturbances. 


Surgery 


The surgical treatment occupational tumours the 
bladder the same that for non-occupational. According 
the circumstances the case, transurethral endovesical 
high-frequency electro-coagulation, partial cystectomy (with 
without electro-coagulation), implantation radon seed 
(with without electro-coagulation), deep x-ray therapy 
total cystectomy after the ureters are 
practised. 

Electro-coagulation tumour the benign stage 
the stage superficial, non-infiltrating, malignancy 
usually followed good recovery. Transurethral approach 
may rendered impossible the location the tumour 
its size Even the best conditions, 
without any further exposure the hazardous compounds, 
the possibility new formations later remains. This 
character new formation applies non-occupational 
well occupational tumours the bladder. 

After successful electro-coagulation, the patient may remain 
free from further tumours for the remainder his life. 
Perhaps the likelihood new formations greatest cases 
where there have been multiple tumours, even benign, the 
first operation. example this given the following 
case 

man 48, having worked for years variety 
processes, including years contact with 
was found have small papillomata the right the right 
ureteric orifice, the fundus, and the anterior wall 


the bladder. Transurethral coagulation was performed 
June 1936. April 1937 cystoscopy showed frezdom from 
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tumours, but the vessels round the internal urethral orifice were 
dilated and haemorrhage could seen from various points 
them. From October 1936 till January 1940 worked the 
open air and was then transferred laboratory work associated 
with the 8-naphthylamine plant, where worked till April 1944, 
July 1940 slight signs appeared, but the patient consistently 
refused all investigation treatment. This situation continued 
until February 1945, when became obvious him that was 
ill. August 1945 inoperable carcinoma involving the base, 
trigone and posterior wall was diagnosed cystoscopically, both 
ureteric orifices being obstructed growth. The post-mortem 
February 1946 showed bilateral pyonephrosis, dilated and 
ureters, and extensive papillo-carcinoma the 
bladder. 


Ineffective coagulation even apparently benign 
papilloma may followed rapid growth and establish- 
ment malignancy. 

Cases frankly malignant tumours will not benefit from 
high-frequency treatment except perhaps when the growth 
very small. Indeed, not improbable that such treat- 
ment may such cases make matters worse. Attempts 
coagulation malignant tumours are often followed 
introduction radon seeds, either because doubt 
complete destruction precautionary measure. 

Electro-coagulation after cystoscopy often necessary, 
particularly when there are multiple tumours. The danger 
release viable tumour-cells and their later implantation 
perhaps greatest this method. 

ii. Partial cystectomy, the tumours are suitably located, 
can yield good results. 

Thus, man, aged years, who had worked with 2-naphthy- 
lamine for years was found have small papillomatous 
and pre-papillomatous areas widely separated regions the 
bladder. Treatment electro-coagulation was followed 
months the appearance papilloma, inch [8.5 mm.] 
diameter, the vault its surface was necrotic. The location 
the new formation did nct permit transurethral treatment. 
partial cystectomy, using the cautery knife, was performed and 
recovery was good. The patient returned work some months 
later and has continued out contact with chemical products 


any kind for years. Several cystoscopic examinations have 
revealed only basal cystitis. Urine control continues. Some 


years after operation, the urine began show heavy content 


pus and some erythrocytes. various times, attempts 
were made over prolonged periods overcome this cystitis with 
hexamine, sulphonamides and mandelic acid, but with 
success. The patient, now his 63rd year, has been continuously 
work (non-chemical), looks and feels well, and has increased 
considerably weight. 


carcinoma the bladder (vault and anterior wall) these, 
had already survived years the time reporting, and 
were able carry their work. 

Resection should preceded complete destruction 
the tumour tumours, and wide area normal bladder 
wall surrounding the tumour should included the 
resection. 

Where resection the chosen operation, and ureteric 
orifice surrounded invaded tumour-growth, becomes 
necessary remove this area and re-implant the divided 
ureter into the posterior wall the bladder. 

Opportunity for this operation arose frequently our 
series cases, but there appears some reluctance 
regard the part some urologists. Beer (1935) 
stated that sacrificing the ureteral ostium has 
undoubtedly led many deaths, the surgeon has failed 
mined that the kidney that side good function, but 
Beer, with his very extensive experience, stated that the 
only indication which can see for nephrectomy the 
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time the primary operation badly infected kidney with 
very large dilated, diseased ureter, and that only case 
the second kidney has been shown, excretory urography, 
adequate 

Beer’s analysis his operative results 137 cases 
infiltrating, ulcerated, solid, more less papillary carcino- 
mata may summarized Table 


TABLE 


Operation * Operative mortality Remarks 


44—Resection 27% 34% were 
25% (Periods observa- 
sacrifice ureter years; lost 
orifice follow-up.) 


and radon 27% died within (Periods observa- 
few months tion from 
years; lost 

follow-up.) 


40% (operative cure reported 
and soon after recurred lived 

follow-up). 


electro- 
coagulation 


Statistical comparison impossible with such data, but 
appears fairly certain that resection for tumours this 
malignant kind the operation most likely succeed. 

iii. Total cystectomy. Consideration malignant growths 
which are not susceptible any the above procedures, 
results gloomy picture. Deep rays and radon-seed 
implantation may retard the inevitable sequel. rays may 
diminish the size metastases, but have not seen any 
maintained improvement. Provided there renal damage 
and extension the malignant process into the pelvic 
structures, the question total cystectomy must con- 
sidered the otherwise inoperable case. 

Ward (1936) considers that better risk 
operation which, successful, will give relief rather than drag 
out such miserable the inevitable sequel 
inoperable case. 

Not the least the difficulties encountered convince 
workman the desirability the operation before the 
condition has advanced too far offer any chance success. 

The fact that recurrences (new formations) are frequent 
has led urologists experienced occupational bladder 
tumours regard total cystectomy indeed the only 
rational operation. This perhaps rather extreme view, 
for the occupational variety, has already been stated, 
there possibility the recognition tumours long before 
the inoperable stage has been reached, and this signifies 
routine cystoscopy all workers who have been are 
being exposed the hazards. There Britain con- 
siderable number workers whom this should apply 
the inoperable situation avoided. doubt 
certain proportion will found show primary infiltrating 
growth which will not respond measures less radical than 


total cystectomy, but high proportion will amenable 
such measures, 


11. SURGICAL PROGNOSIS 


Washburn’s analysis his cases (1934 1937) shows that 
diagnosed cases there was small tumour amenable 
fulguration. Gay’s (1937) examination specimens 
from workers who had been the dye industry for years 
more showed that 50% were benign, but was pointed out 
that such tumours could, time, become malignant. 
doubt these findings are related the practice routine 
cystoscopy with consequent early diagnosis. 

recalled that Simon (1929) reported his series 

small tumours were electro-coagulated, extensive resection 
being the method most frequently used. Many these cases 
underwent repeated resections the course years. the 
cases still alive 1928, had survived operation 
least years and least years (total number 
operated 35). the cases dead 1928, had been 
operated on; had survived least years, least 
years, and least years. Having regard the effects 
advancing years, and causes death other than bladder 
disease, Simon’s results indicate early diagnosis, especially 
the tumours were all stated histologically malignant. 
Simon does not appear refer such thing inoperable 
case. our two series occupational cases, was found 
that, cases the first series, were inoperable, and, 
cases the second series, were inoperable the time 
first coming for treatment, i.e. about 
When, non-occupational cases, early diagnosis 
cancer the exception, complete excision the tumour 
possible only minority instances. Thus, study 
902 epithelial tumours the bladder listed the Carcinoma 
Register the American Urological Association (1934), 
was found that from the standpoint surgical treatment, 
only were readily accessible for complete excision 
without interference with the ureter urethra. Thus, 
non-occupational carcinoma the bladder, American 
surgeon has reckon with some 76% cases for which 
will have consider re-implantation the ureter after 
resection total cystectomy. 

Beer’s series (1935) 650 cases treated bladder 
tumour, papillary carcinomata were treated electro- 
coagulation and resection, with apparent cure 69% those 
not succumbing the operative procedure infiltrating and 
ulcerating carcinomata were similarly treated with cure 
papillary carcinomata were treated transurethral 
electro-coagulation with cure; and cases infil- 
trating, solid carcinoma were treated total cystectomy, 
with cure those surviving operation and followed-up. 
The operative mortality the last group was 28%. Beer 
held, his results, that radical excision total cystectomy 
offer not only more complete eradication the disease but 
also better proportion cure among those who survive the 
operations. The problem reduce operative mortality. 

the case occupational bladder tumours, the operation 
total cystectomy and implantation the ureters into the 
skin (Beer) would appear impracticable for workman 
who, recovers, can find little make life worth 
living. would appear that the only reasonable chance 
making possible, cure attained, for the patient 
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** Attempt the end and never stand to doubt ; 
seed s so hard, but search will find it out.” 
Herrick 
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return job within his mental capacity, implant the 
ureters into the colon (Ward, 1936). Theoretically, this offers 
the possibility rehabilitating the patient, should able 
adjust cloacal life, which successful cases are found 
more readily than might imagined. 

far have not had single case successful recovery 
after total cystectomy, even the hands very experienced 
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GENERAL 


was Sydenham who said, have often thought, that 
knew accurately the natural history any disease, should 
never loss for proper method treating This 
must our text, justification, for including note upon 
chemotherapy symposium devoted carcinogenesis. 
Until the latter part the nineteenth century our know- 
ledge cancer was largely founded upon morbid anatomy 
and histology, but was nevertheless sufficient provide 
rationale for treatment either through the complete extirpa- 
tion tumour cells surgical methods, later through 
their destruction situ radiation, Each these methods 
has its recognized limitations, and whether not they have 
nearly been reached, there would clearly immense advan- 
tages—since dissemination outstanding feature the 
disease—in any less local and more systemic control 
malignant growth, such could presumably achieved 
chemical means alone. This has, course, been recognized 
from the earliest beginnings the study cancer, and 
are perhaps inclined forget that ventures chemotherapy 
(of kind) long antedate the modern developments surgery. 
Thus different times the past fifteen hundred years 
there have been applied such diverse agents belladonna, 
aconite, mercury, antimony and arsenic, with numerous 
others addition. with many similar examples the 
history medicine, the inefficacy treatment was 
the development vogues and fashions, which good 


urologists death some cases being due various 
events, e.g., paralytic ileus, pulmonary embolus. 

Total cystectomy requires the choice the exactly suitable 
case. Thus age, general condition, degree adiposity, are all 
very important matters severe procedure. the occu- 
pational cases, the appropriate conditions may more frequently 
found, the patient more likely younger, better 
general condition, and less adipose than 
case. 
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example found the eighteenth-century use the Vienna 
hemlock (Essay the medicinal nature hemlock, 
Edinburgh, 1762). 

evident that great number these chemical applica- 

tions acted—when indeed they had action—merely 
caustics escharotics, and this applied particularly the 
local use concentrated acids (both mineral and vegetable), 
concentrated alkalis, and various metals and metalloids 
such silver nitrate, copper salts, salts antimony and 
mercury, zinc chloride, arsenic and litharge. Yet possible 
that one these agents, only one—namely, arsenic—had 
action which, certainly not specific, was conceivably 
less indifferent. certainly true that the effects arsenic 
cancer have been studied more continuously than any 
the host substances which has been examined the past, 
finding mention from antiquity the Renaissance Celsus, 
Scribonius, Theodoric arsenious acid), Fallopius and many 
others (see also Ronnow, Mém. Acad. roy. Sci., Stockholm, 
1778). Later find repeated mention the powder 
Fuscius mixture arsenic, snake-root and soot), the 
arsenicale the French surgeons (containing arsenious 
acid and similar the pulvis anticarcinomatosa Cosmo), 
Dupuytren’s powder consisting arsenious acid with 
calomel, and nostrum white arsenic 
crowsfoot, dogfennel and sulphur. Not greatly more than 
hundred years ago, Astley Cooper was still employing 
arsenical application the local treatment certain 
cases chimney-sweep’s cancer, and mucilage arsenious 
acid was used William Marsden, the founder the 
Royal Cancer Hospital 1851. Interest the therapeutic 
effects arsenic was greatly stimulated 1865, when 
Lissauer described marked symptomatic improvement 
following administration potassium arsenite (Fowler’s 
solution) leukaemia. few years later, Billroth published 
the records case lymphoblastoma which showed 
repeated and dramatic responses the administration 
Fowler’s solution, result which extensive 
tumour-masses and enlarged lymph-nodes almost entirely 
disappeared. 

However, indeed should expect, the therapeutic 
effect most these substances seems have been illusory, 
unproved, trivial, the most, fleeting, and the best 
expression such opinions seen the words contem- 
porary authors themselves. Thus Pott, discussing the 
advantages surgery, wrote 


were possessed any medicine, either external 
internal, which had been known now and then have 
dissolved scirrhi, would always right recommend the 
trial them previous operation and would always 
right defer operating until such trial had been made. 
But the truth is, know such 


and again, 


are not yet happy possessed any 
medicine which will cure habit. When the 
constitution thoroughly infected, neither our knives 


Not surprisingly from what we know of such matters, the sovereign if rather 
elusive Specificity of this plant appeared to reside only in the true Vienna hemlock 
(In Anglia nullam fuisse veram cicutam), and Sir John Hill (Plain and useful 
directions for those who are afflicted with cancers &c. &c, with an account of the 
Vienna hemlock ; with which Dr. Storck has cured many cancers ; and which is 
now raised in England. London, n.d. [c. 1773]) accordingly went so far as to 
propagate and distribute this variety in England, having obtained the seeds from 
Storck through Sir John Pringle. After a lengthy test he was, however, led to 
conclude that a perfect cure, “* whether it ever will or will not be found, remains 
in the womb of time.” 
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caustics will avail they can only remove the local mischief, 
but can have effect the general one the 


Burrows new practical cancers, London, 1767), 

concluded 
whatever has been proposed for the curing cancers, 
are merely palliative medicines; and that real specific 
has been hitherto discovered for that fatal disorder, although 
the physicians all nations, from the time Hippocrates 
the present, have, numberless researches and experiments, 
made trial every thing nature, from the most innocent 
drug, the most virulent poison, both the mineral and 
vegetable kingdoms yet the disease still baffles the power 


Even more forthright was Peyrilhe, also writing the 
latter part the eighteenth century (Dissertation académique 
sur cancer, Paris, 1776) when postulated that every 
attempt cure cancer, any method which restore 
the diseased tissues healthy state, not only vain but 
absurd. must freely admitted have even better 
reasons now, than Peyrilhe had then, support such 
scepticism. are these reasons? the first place, the 
fact that the cancer cell but modification the normal 
somatic cell holds out little prospect chemotherapia 
specifica Ehrlich’s sense, whereby chemical substances 
which, the one hand, are taken certain parasites 
and are able kill them, are, the other hand, tolerated 
well the organism itself, any rate without too great 
Further, the conversion normal into 
malignant cell possibly brought about, have seen, 
re-orientation enzyme constitution such kind 
would not necessarily involve any great change gross 
protein-structure immunological specificity. 

considerations such these which underly the 
apparently complete absence any protective reaction 
the part the host against its own tumour, and which 
militate against any chemotherapeutic discrimination between 
the normal cell and its malignant variety. Even Claude 
Bernard’s dictum longer strictly accurate, that tous 
les médicaments sont, définitive, des poisons 
pathologie experimentale, 72), has always been matter 
for legitimate doubt whether therapeutic agent could 
impair the growth malignant cells, without equally 
damaging the normal cells and especially those which are 
engaged active division, for example, the intestinal 
mucosa, the bone-marrow, and the generative organs. 
even more serious obstacle the fact that the malignant 
variant all intents and purposes quite permanent and 
irreversible. Hence, even its growth impeded any 
agent save the most specific (so far unknown), likely, 
after longer shorter interval, recover and recur. Ina 
previous paper (Haddow, have shown that cancer 

ordinary disease, but rather the unique development 
new and specific cell-type response unfavourable 
conditions this again one the inherent difficulties 
besetting any attempt chemotherapy, namely, that are 
effect expected undo what can almost regarded 
natural process, which proceeds one direction with 
facility, but must from its essence considerably more 
difficult reverse. 


[See BMB, 1946, 
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the writer’s opinion the best prospects success, and 
certainly the most satisfying intellectually, come from 
persistent investigation the mode action carcinogens, 
that increasingly exact and quantitative knowledge 
the process occurs one direction, may estimate 
any rate the feasibility its deliberate reversal. While this 
may seem counsel perfection, the indications are that 
the problem very likely just soluble, even although success 
must depend upon very considerable extension our 
present knowledge, particularly the direction com- 
assessment the specific growth-requirements 
normal and malignant cells. If, however, such solution 
true that not yet know any chemical substance capable 
producing permanent entirely possible that 
useful therapeutic effects may brought about substances 
powerful enough inhibit the mechanism cell-division 
tumours (directly indirectly), without affecting the 
normal tissues unduly. perhaps measure progress 
that while knew such substances even few years 
ago, now have three the treatment cancer 
the prostate with oestrogens, the action chloro- 
ethylamines certain cases Hodgkin’s disease and other 
lymphadenopathies, and the effects urethane upon the 
immature cells Admittedly, all these examples 
have very manifest imperfections practical measures, since 
none the drugs curative and their effects are usually 
temporary. There is, however, doubt any rate their 
theoretical importance, showing that the cancer cell 
more susceptible specific interference than was thought 
possible less than ten years ago. 


SYNTHETIC OESTROGENS 


Effects Castration Cancer the Prostate 


The recent developments affecting the treatment cancer 
the prostate are mainly due Huggins and his collabo- 
rators the University Chicago (treatment castration 
and the administration oestrogenic substances), 
Herrold (1941) the University Illinois (treatment with 
oestrogens), and Munger (1941) (auxiliary treatment 
x-irradiation the testes) (see Haddow, 1943). While 
treatment orchidectomy strictly speaking has place 
discussion chemotherapy, its effects the malignant 
prostate are similar those produced oestrogens, and 
the two methods treatment are closely connected both 
their development and mechanism, that impossible 
dissociate them completely. Dependence the prostate 
gland upon the activity the testis was recognized John 
Hunter, who was aware that the prostate castrates becomes 
small and inactive, and the same subject occupied the 
attention Bland-Sutton over fifty years ago. Much more 
recently, Kearns (1941) has recorded prompt retrogression 
the normal prostate two men subjected castration, 
one case being special interest, since the early atrophy 
was succeeded regeneration the gland after auto- 
plastic testicular graft had resumed its function. 1893, 
White, having observed the retrogression uterine fibromas 
after ovariectomy‘, described the effect castration 


4 Carl Ludwig noted in humans that loss of the ovaries not only stops the 
menstrual cycles but may also cause a shrinkage of the uterus, and with this 
observation may b2 compared the studies of Sir George Beatson (1896) on the 
alterations in mammary cancer followin, ovariectomy. 
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clinicians (e.g. Hayden, Lilienthal, Piercy, White, 1895 
Cabot, 1896) published reports describing relief the 
symptoms prostatism brought about bilateral orchidec- 
tomy. Through number causes (partly the alleged 
deleterious general effects castration and partly the rise 
prostatectomy), the procedure fell into disuse, and only 
Young (1936) appears have employed prostatic cancer, 
although his experience was limited two cases with negative 
result. 

Following preliminary studies the effects castration 
the normal and the hyperplastic prostate glands 
dogs, and benign hypertrophy the prostate man 
(Huggins Clark, 1940 Huggins Stevens, 1940), Huggins 
and his co-workers (Huggins, Scott Hodges, 1941 
Huggins, Stevens Hodges, 1941) reported evidence 
tumour regression, with other clinical and pathological 
changes, cases advanced prostatic cancer treated 
bilateral orchidectomy. series consecutive cases, 
castration caused improvement cases there was 
only temporary improvement, and there occurred 
sustained inhibition the disease, lasting least long 
months. the less satisfactory cases phenomenon 
interest was seen occasions, decrease size the 
primary tumour, coincident with rapid extension meta- 
stasis. those patients who were improved, clinical evidence 
consisted decrease size the primary tumour rectal 
palpation and cystoscopic examination, stabilization 
regression bone metastases, decrease the size 
palpable lymph-nodes which were the seat metastases, 
improvement erythrocyte and haemoglobin values, with 
increased appetite, progressive gain weight, and diminution 
pain. Very similar results were described Sullivan, 
Gutman Gutman (1942) the following year. 

these cases, pain due skeletal metastases was wholly 
greatly relieved within period varying between two days 
and few weeks, increased calcification occurred the site 
metastases, gain weight was frequently marked, and 
frequency micturition, nocturia and dysuria were partially 
completely relieved most cases, usually within few 
weeks these changes were accompanied improved 
sense well-being, and several patients who before operation 
were confined bed became and others resumed 
restricted activity. Supporting evidence, substantially con- 
firming such results the above, was soon brought forward 
Neuswanger Vermooten (1942), Higgins Gosse 
(1942), Lane (1943), Smith MacLean (1943), Burns 
Kittredge (1943), Marquardt (1944), and Rathbun (1944), 
among others. Following series reports between 1942 
and 1944, Huggins has now more recently (1946) summarized 
his results after five years. Remissions varying length 
treated orchidectomy: these, were alive after 
years—4 being free from any clinical laboratory evidence 
the disease and one having only slowly-advancing lesions. 


Influence Oestrogens upon Cancer the Prostate 


1941, Herrold reported the results obtained cases 
carcinoma the prostate which had treated with 
diethylstilboestrol. consistent finding was the relief 
pain, often occurring promptly the institution therapy. 


id 
4 
. 
419 


When the first case which stilboestrol was administered 
had received approximately 350 mg. over period 
months, the primary tumour had regressed half its former 
size, and was softer consistency. other cases there was 
apparently either stabilization recession the carcinomas, 
accompanied improvement general physical condition 
and some instances gain body-weight. 


1940, Kahle Maltry had reported the treatment 
cases prostatic hypertrophy means diethyl- 
stilboestrol, combined cases with various drainage 
operations. all these cases there was marked improve- 
ment in, complete relief of, the symptoms associated with 
obstruction and the presence residual urine. treatment 
progressed, changes the size and consistency the gland 
were observed all cases. The findings suggested trial 
stilboestrol carcinoma the prostate, and while these 
authors were discussing this project was found that one 
the cases hyperplasia also showed adenocarcinoma 
(at biopsy), and that the malignant cells gave evidence 
suggestive regression, presumably result the 
oestrogen therapy employed the treatment the hyper- 
plasia. 1942, Kahle, Ogden Getzoff presented cases 
carcinoma the prostate—6 proved biopsy—which 
had been treated over two years with diethylstilboestrol. 
all the cases, therapy brought about prompt relief pain 
and urinary symptoms, the clinical improvement being 
accompanied regression the malignant lesions both 
primary and metastatic. Kearns’ (1941) series cases 
carcinoma the prostate, were treated with stilboestrol 
only, received ethinyl oestradiol only, and received both 
substances. described the remarkable clinical ameliora- 
tion, with gain weight, relief pain, improvement 
blood-picture, slowing sedimentation-rate, approach 
normal the phosphatase estimations, retardation 
growth the skeletal metastases, with diminution size 
and reduction the nodularity and fixation the prostate 
itself. the use castration, independent and largely 
confirmatory results were soon provided large number 
authors, including Marquardt Flaherty (1942), Clarke 
Viets (1943), Duncan (1943), Heckel (1944), Fergusson 
(1944, 1946), Fergusson Pagel (1945), Herbst (1945) and 
Deming (1946), while many other papers dealt with orchidec- 
tomy and oestrogen therapy well (e.g. Chute Willetts, 
1942; Haines Miceli, 1943; Sauer, 
Loring Marchant, 1943; Graves Cross, 1944; 
Nesbit, Pazzos Cummings, 1944). 


independent investigation the influence synthetic 
oestrogens upon advanced cancer man, which the first 
case commenced treatment February 1941, and which 
was originally prompted the slight but significant inhibitory 
effect various triphenylethylene oestrogens upon animal 
tumours (Badger, Elson, Haddow, Hewett Robinson, 1942), 
Haddow, Watkinson Paterson (1944) early encountered 
case prostatic cancer which the presenting symptoms 
were frequency micturition, shortness breath and 
fleeting chest-pain. X-ray examination suggested the 
presence multiple secondary deposits the bony pelvis, 
and the following weeks similar deposits were recorded 
the whole the dorsal spine, the ribs, femora and humeri, 
and the lungs, Cystoscopy showed enlargement both 
lobes the prostate, with large papillomatous mass the 
left wall the bladder. While biopsy first gave 
undoubted evidence malignancy, second specimen showed 
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densely cellular mass columnar-cell adenocarcinoma 
prostatic Treatment with the synthetic oestrogen 
triphenylchloroethylene was started June 1941, and 
soon produced side-effects (bilateral mastitis and oedema 
the ankles) attributable oestrogen action. During treat- 
ment there also occurred decrease the frequency 
micturition and some betterment the general condition, 
which after months was regarded considerably improved. 
There was, however, unequivocal radiographic evidence 
change the skeletal deposits, judged comparison, 
after repeated examination, the various regions involved 
but the prostate itself was described obviously 
triphenylchloroethylene had been administered. The case 
was later treated with stilboestrol place triphenyl- 
chloroethylene, and also included case paper 
Watkinson, Delory, King Haddow (1944). almost 
certainly the first case cancer the prostate treated 
Britain with synthetic oestrogen, and probably one 
the most satisfactory, since the patient alive and well, 
with the disease apparent complete arrest, nearly six years 
later. This case, with few others treated with triphenyl- 
chloroethylene, raises the question whether any advantage 
may attach the use oestrogen with relatively- 
prolonged action; although substantial evidence 
available, the matter one which should, possible, receive 
some further attention. Relatively disappointing results 
were, however, obtained Greene (1946) and the writer 
and his colleagues (unpublished), clinical trials the 
triphenylethylene derivative known DBE (pp’-diethoxy- 
triphenylbromethylene). 


Cancer the prostate remarkable that histo- 
logically discernible from 17% men over years 
(Rich, 1935; Moore, 1935). Since good proportion 
these are not detected ordinary circumstances, clear 
that many such cases remain entirely quiescent. Individual 
cases the manifest disease are also encountered which 
the survival-period exceptionally protracted even the 
absence treatment, and exceptional caution must therefore 
exercised any estimate the effects treatment this 
respect. Oestrogen therapy has, however, now been employed 
for period sufficiently long any rate yield preliminary 
thus Fergusson (1946) has recently compared cases 
treated between 1940-43 without the use oestrogens, and 
treated with oestrogens 1942-46, with results which 
indicate, far they go, longer survival higher 
proportion. Much larger numbers and closer statistical 
analysis will, however, clearly required before any more 
accurate estimate possible. evidence exists that 
carcinoma the prostate can cured the use 
oestrogens, but there equally little doubt that under this 
form therapy the foci the disease may become quiescent, 
that life can prolonged, and that temporary rehabilitation 
can achieved. 


Histological Alterations Due the Administration 


Herrold (1941) quoted case (treated Dunn) which 
received 480 mg. days, and which 
biopsy the testes showed generalized degenerative 
process with sign normal cell-growth and with complete 
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disappearance spermatids. The intertubular spaces 
appeared oedematous and contain reduced number 
interstitial cells, 

their earlier investigations the influence oestrogens 
prostatic hypertrophy, Kahle al. (1942a, included 
histological study biopsy specimens obtained after treat- 
ment. These showed deviations (from the typical picture 
hyperplasia) manifested reduction the number 
papillary infoldings, reduction the height the 
epithelium, decrease the size the acini, and stratification 
the epithelium with without vacuolation. The cyto- 
logical changes these authors’ cases prostatic carcinoma 
(similarly treated with stilboestrol) were made the subject 
separate paper Schenken, Burns Kahle (1942). 
Most the neoplastic cells each the cases showed 
marked nuclear and cytoplasmic regressive changes. The 
nuclear alterations consisted reduction size, progressive 
condensation the chromatin, loss nucleoli, disappearance 
mitotic figures, and The early cytoplasmic 
changes consisted the appearance vacuoles, usually 
located the base the cell. the vacuoles enlarged, the 
nuclei became displaced towards the lumen the acinus. 
This was followed rupture the cell-membranes and 
coalescence the vacuoles contiguous cells. Such 
changes resulted the nuclei either lying free, becoming 
clustered the centre the acinar spaces, attached 
delicate thread-like remnants the cell borders. Another 
note Schenken Burns (1942) recorded that identical 
changes were observed the metastatic tumour-cells 
inguinal node. Also, Heckel Kretschmer (1942) described 
case which, the end 223 days, when 1,546 mg. 
stilboestrol had been administered, prostate biopsy showed 
widespread alteration the neoplastic cells, characterized 
mainly hydropic degeneration and vacuolation. More 
recently, Fergusson Pagel (1945) 
correlated the clinical and biological findings with the 
histological progress the disease judged serial biopsy, 
the cytological changes being reduction the number 
tumour cells, pycnosis, and concentration nuclear 
chromatin. 


Mode Action Oestrogens upon Cancer the 
Prostate 


Huggins al. (Huggins, Scott Hodges, 1941 Huggins. 
Stevens Hodges, 1941) pointed out that the action 
oestrogens cancer the prostate susceptible several 
explanations, any all which may operative. These 
mechanisms include direct action prostatic epithelium, 
inactivation androgens, depression the gonadotrophic 
agents the anterior pituitary, and depression activity 
the interstitial cells the testis. Kahle and his co-workers 
(Kahle Maltry, 1940; Kahle, Ogden Getzoff, 1942a, 
Schenken, Burns Kahle, 1942) suggested that the rapid 
change the consistency and size the hyperplastic 
prostate, and the consistency the carcinomatous gland— 
change sometimes observed early hours—argued 
favour direct, possibly even selective, action the 
epithelial cells. But they agreed that other possibilities, not 
excluded hypothesis direct action, are firstly, effect 
mediated the anterior lobe the pituitary the androgens 
elaborated the interstitial cells the testis, and secondly, 


inactivation change the androgen-oestrogen 


balance. There little doubt the validity Huggins’ 
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general hypothesis the androgen dependence prostatic 
epithelium both normal and malignant, and the remarkable 
effects oestrogens cancer the prostate would appear 
due action upon such residual physiological 
properties still possessed the malignant cells. 


Ovariectomy and Cancer the Breast 


Although the clinical usefulness castration and oestrogens 
cancer practically confined carcinoma the prostate, 
the fact that their action not entirely specific this organ 
proved equally remarkable much less frequent effects 
cancer other sites, and particularly the breast. 
Reference has already been made the early observations 
Sir George Beatson the palliative effect ovariectomy 
breast cancer, and there has recent years been natural 
revival interest this subject. Thus, the experimental 
side, the effects ovariectomy and adrenalectomy 
lactation the mammary tumours dogs have been studied 
Huggins Moulder (1944), castration for advanced 
malignant lesions man has been dealt with Howes 
(1944) and Orndoff (1944), bilateral ovariectomy with 
radical operation for cancer the breast described 
Horsley (1944), the effects ovariectomy primary and 
metastatic cancer the breast Treves, Abels, Woodard 
Farrow (1944), and the regression bone metastases from 
breast cancer after ovarian sterilization Ritvo Peterson 
(1944), while Leucutia (1946) has discussed the value 
orchidectomy the treatment carcinoma the male 
breast. 

the paper Haddow al. (1944) already mentioned, 
the results are given cases advanced cancer which 
received treatment with the synthetic oestrogens, 
chloroethylene, triphenylmethylethylene stilboestrol. 
cases late malignant disease the breast treated with 
triphenylchloroethylene, showed significant although 
temporary retardation, even partial regression, the 
growth the tumour but the initial effect treatment 
these cases passed off comparatively rapidly, the ultimate 
course the disease was way altered, and evidence 
was obtained suggest that treatment could prevent the 
development metastases. similarly-treated cases 
advanced malignant disease other than cancer the breast, 
only two (carcinoma the bladder, carcinoma the prostate) 
showed undoubted partial regression the tumour. 
cases carcinoma the breast treated with stilboestrol 
(by intramuscular injection mouth over period 
several months), showed alterations the growth and 
behaviour the tumour similar nature those produced 
triphenylchloroethylene. Similar cases have been reported 
other authors (Tudor Edwards, 1943; Binnie, 1944). 
true that have here real contribution effective 
therapy, that such responses are the very 
greatest theoretical and fundamental importance. Even 
the property oestrogens which they depend among 
the most complex all drug actions, somewhat disap- 
pointing that little progress has been made deciding the 
basis these effects. is, course, likely that such 
relatively massive doses oestrogens depress the pituitary 
and hence the ovary, but specially important decide 
whether the temporary nature the tumour response due 
acquired resistance the part the tumour cells themselves. 
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From research chemical warfare conducted during the 
war 1914-18 and later years, was early appreciated 
that exposure mustard gas sulphide) 
was capable producing systemic effects the haemo- 
poietic and especially the leucopoietic tissues, and the 
gastro-intestinal tract (see Gilman Philips, 1946). 
result the expansion such work the recent 
war, both Britain and the United States, greatly increased 
attention has been paid this and other biological effects, 
and reflected growing literature the reaction 
mustard gas, for instance, with proteins (Kinsey Grant, 
Banks, Boursnell, Francis, Hopwood Wormall, 
1946), with carboxyl groups and with the amino groups 
amino acids and peptides (Moore, Stein Fruton, 1946), 
and with methionine (Stein Moore, 1946) and other amino 
acids (Boursnell, Francis Wormall, 1946), while numerous 
additional papers deal with other aspects the chemical 
reactions mustard gas and related compounds (e.g. 
Stein, Fruton, Moore, Bergmann, Stahmann and others). The 
wartime biochemical research upon mustard gas which was 
conducted the Oxford school has recently been summarized 
Peters (1947) and the medical aspects mustard-gas 
poisoning Cullumbine (1947). 

Among the many new compounds prepared for the purposes 
chemical warfare, special interest attached the and 
tris amines, nitrogen analogues mustard 
gas, so-called nitrogen and was soon 
recognized that these, like mustard gas itself, were not 
merely contact-vesicants but could induce cytotoxic effects 
wide variety tissues, and especially those which 
are state active proliferation. 


Cytotoxic and Nucleotoxic Effects the Chloroethylamines 


For both and nitrogen-mustards, this relatively 
specific cytotoxic action upon growing tissues out- 
standing pharmacological property, and after adequate doses 
affects the bone-marrow the production leucopenia, 
thrombocytopenia and anaemia, the intestinal tract the 
production diarrhoea and vomiting, and lymphoid tissues 
generally the appearance persistent lymphatic atrophy. 
attempts ascertain the cytological basis such effects, 
has become clear that the mitotic activity variety 
cells from unicellular, invertebrate, amphibian, mammalian 
and plant forms highly sensitive inhibition mustard 
gas and the chloroethylamines (Gilman Philips, 1946). 
Thus, exposure yeast-cultures mustard gas can produce 
immediate reduction growth-rate which persists through 
several generations without recovery the early cleavage 
the sea-urchin egg inhibited immersion either the 
unfertilized egg the early zygote minimally effective 
concentrations the exposure young salamander larvae 
leads immediate cessation growth, attributable 
inhibition mitotic activity the proliferating regions 
the corneal epithelium mammals can depleted 
mitotic figures for several days; and mitotic activity 
decreased the lymphoid, myeloid and erythroid series 
the rat, also the regenerating liver-cells following partial 
hepatectomy (see also Marshak, 1946). recent study, 
Bodenstein exposed embryos Amblystoma punctatum for 
amine hydrochloride the substance selectively attacked the 
centres proliferation, and left the differentiating regions 
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quite unaffected, that all mitotic activity was abolished 
within two days. These toxic effects the mustards upon 
cell-division appear divisible into two types: First, 
mere arrest mitosis the resting-stage, brought about 
mild exposure, and, second, extensive nuclear frag- 
mentation (e.g. the cells the corneal epithelium) 
exposure concentrations higher than those which involve 
only mitotic inhibition. remarkable example this 
latter effect seen the pollen grains 
following exposure mustard gas (Koller, unpublished) 
mild exposure prolonged the resting-period but also caused 
chromosome breaks, while more severe exposure induced 
multiple breaks with fragmentation, pycnosis and ultimate 
death the cell. Further evidence nucleotoxic action 
has been obtained through the disturbances produced the 
mustards the structure and function chromosomes 
melanogaster (Auerbach Robson, 1946). 
Following exposure adult males doses which did not 
reduce fertility unduly, genetic analysis the chromo- 
somes revealed incidence sex-linked lethals greatly 
excess the natural rate mutation. Mustard-gas muta- 
tions have also been described Neurospora Horowitz, 
Houlahan, Hungate Wright (1946). The fact that few 
any other chemical agents have such action the 
chromosomal mechanism gives added point the com- 
parison the effects these substances other grounds 
well (particularly the damage haemopoietic and other 
growing tissues) with those and ultraviolet radiation. 


Possible Modes Action the Amines 
and Sulphides 


The ability halogenated alkylamines form cyclic 
onium cations had been known for some years, and was 
soon established that the nitrogen- and sulphur-mustards 
owe many their characteristic properties intra- 
molecular cyclization this kind, which illustrated 
and for the case 
(Hanby Rydon, press; Hanby, Hartley, Powell 
Rydon, press and other references quoted Gilman 
Philips, 1946). 


CH, CH, 


CH, CH, 


Numerous other references, both published and unpub- 
lished, are cited Gilman Philips (1946), who also draw 
attention the capacity ethylenesulphonium imonium 
compounds alkylate such functional groups various 
amino, imino, imidazole, sulphydryl, sulphide and phenolic 
groups amino acids and peptides inorganic phosphate, 
glycerophosphate and hexose phosphates the amino groups 
adenosine and thiamine the pyridino-N nicotinic acid 


amide and pyridoxine and the carboxyl and amino groups 


numerous proteins. While appears generally accepted 
that the cytotoxic effects the chloroethylamines may 
depend upon similar reaction with some essential con- 
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Stituent, further discrimination has yet been possible. 
recent papers, Gjessing Chanutin (1946) and Chanutin 
(1946) show that the nitrogen mustards are capable 
reacting with amino acids, peptides, proteins, purines, 
pyrimidines, and inorganic and organic phosphates, and that 
they decrease the viscosity thymus nucleate solutions, this 
depolymerizing effect being attributed the ethylenimine 
ring transformation-product. 

recent pharmacological study the chloroethylamines, 
Boyland (1946) suggests that their high toxicity may part 
due the fact that they are lipoid-soluble substances 
low molecular weight which probably penetrate cells readily, 
and having penetrated are less easily removed account 
combination with essential cell-constituents the formation 
toxic ionized imonium salts. Distinguishing the toxic 
effects these substances vesication, haemoconcentration, 
diarrhoea, inhibition mitosis and acute convulsive 
effect, Boyland regarded the vesicant action certainly due 
the parent amines and the convulsant action the 
reaction-products with water. 

extension work the well-known capacity 
mustard gas interfere with the process carcinogenesis, 
Berenblum, Kendall Orr (1936) showed, over ten years 
ago, that the addition mustard gas minced tumour-tissue 
vitro resulted reduction oxygen-consumption and 
marked depression aerobic and anaerobic glycolysis, and 
Gilman Philips (1946) quote many arising from 
wartime research, similar action upon such normal 
tissues skin, brain, cornea, bone-marrow, spleen, thymus, 
liver and kidney. These findings led turn the possibility 


that the cytotoxic action the mustards might attributable 


the specific inactivation cellular enzymes. long 
list enzyme-systems which the sensitivity has been 
determined, the majority proved either resistant 
only moderately inhibited, but among the most highly sensitive 
systems are hexokinase, creatine and pyruvate phosphokinase, 
pyrophosphatase, adenylic acid deaminase, and 
cholinesterase (see Thompson, 1947). With the general 
hypothesis that the effects the nitrogen vesicants may 
linked with enzyme inactivation, should compared 
specific suggestion that primary inactivation occurs only 
the special class the phosphokinases, which are concerned 
with phosphate transfer from adenylic compounds 
(see Dixon Needham, 1946). As, however, many 
other cases, would appear that certain the characteristic 
biological changes (e.g. interference with mitosis) may 
produced concentrations the chemical agent lower than 
those necessary affect either respiration glycolysis. 
Experimental and Clinical Applications Chemotherapy 
Gilman Philips (1946), with their collaborators, 
Goodman, Lindskog Dougherty, were the first 
investigate the effects nitrogen mustard (tris(chloro- 
malignant disease man, and followed 
Goodman, Wintrobe, Dameshek, Goodman, Gilman 
McLennan (1946) and Jacobson, Spurr, Barron, Smith, 
Lushbaugh Dick (1946). The last authors obtained 
encouraging results Hodgkin’s disease mainly, failure 
being encountered acute leukaemia and multiple myeloma, 
and the results the majority cases myelogenous 
leukaemia being unsatisfactory. Later Spurr, Jacobson, 
Smith Barron (1947) recorded symptomatic control 
several cases Hodgkin’s disease out which were 
observed over periods ranging from months years: 
120 courses treatment resulted significant 
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remissions, Nine cases chronic lymphatic leukaemia 
showed remissions between and months, but the 
cases had died after months. Remissions were also 
polycythaemia rubra vera, but there was relief even 
symptoms acute leukaemia, and only transitory effects 
chronic myeloid recent review the use 
the nitrogen mustards the treatment neoplastic 
disease, Rhoads (1946) draws attention the similarity 
their effects those rays, and cautions that they are 
sense curative for any type cancer far studied, 
and that the tumour-regressions induced are only temporary, 
and rarely persist more than several months. 

Interesting experimental observations the effects the 
nitrogen mustards tumour-tissues have recently been 
published Karnofsky, Burchenal, Ormsbee, Cornman 
Rhoads The compounds examined were tris(chloro- 
amine, and were both studied normal animals and assayed 
for inhibitory activity against the growth various types 
neoplastic tissue under different conditions (leukaemia 
mice, mouse-sarcoma 180, the same tumour growing 
the chorio-allantoic membrane the developing chick-egg, 
and other tumours roller-tube culture). All compounds 
were tested against several leukaemias mice, means 
interesting and unusual technique. The given dose having 
been dissolved saline and injected intravenously into the 
leukaemic animal, the latter was killed one hour later, 
examined death when this occurred under one hour with 
higher doses, when the spleen was removed, and spleen 
Brei was inoculated into four young mice the homologous 
pure line. such experiments, large doses usually proved 
either completely cytocidal leukaemia cells, affected 
them that their subsequent development the bioassay 
might much prolonged. 

well providing measure the cytocidal activity 
such compounds, this method also illustrates their therapeutic 
limitation, since the cytocidal doses HN3 and HN2 were 
respectively 7-22 and times the with the ethyl 
and isopropyl analogues, clear evidence cytocidal 
activity could obtained even much higher multiples. 
Among other results interest, was observed that dose 
HN3 not lethal 12-day egg bearing actively-growing 
sarcoma 180 the chorioallantoic membrane, within 
minutes rendered the tumour incapable growth 
subsequent transplantation into mice. 
experiments, evidence was obtained wide differences 
susceptibility between one tumour-type and another, the 
tumour cells some cases appearing more sensitive than the 
normal. other cases was seen that tumour cells might 
rendered non-viable (as judged bioassay) while showing 
obvious signs morphological damage. 


THE ACTION URETHANE LEUKAEMIA 
Effects Urethanes upon Animal Tumours 


Some years ago, the writer embarked upon investigation, 
with Sexton (Haddow Sexton, 1946), the action 
upon animal tumours series phenylurethanes. This 
investigation was prompted first statement Lefévre 
(1939) that phenylurethane produces mitotic effects 
exactly similar those described for colchicine, and secondly 
the work Templeman Sexton (1945) the effect 
arylcarbamic esters and related compounds upon cereals and 
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other plant species. These authors paid special attention 
isopropyl phenylcarbamate (IV), regarded its effect 
nuclear division probably similar that colchicine and, 
view the low concentrations necessary arrest growth, 
suggested its use the eradication graminaceous weeds. 


isopropyl 


the first experiments, administration phenylurethane 
was soon found produce mitotic poisoning the crypts 
Lieberkiihn the mouse intestine, but far could 
judged this effect was not due retardation the mitotic 
cycle any single-phase, and was therefore readily distin- 
guishable from the characteristic effect produced the same 
tissues colchicine. Secondly, phenylurethane (and also 
isopropyl phenylcarbamate) was found cause significant 
retardation the growth spontaneous mammary cancer 
the mouse, effect which persisted only during adminis- 
tration, and passed off rapidly when the drug was withdrawn. 
Thirdly, both these substances produced similar retardation 
the growth the Walker rat carcinoma 256. Very 
surprisingly, was next found that these effects are 
the inhibitory activity this substance 
being actually greater than that either the phenyl- 
carbamates when tested against the Walker carcinoma. This 
action urethane was then found accompanied 
profound modification the histological structure the 
tumour, the characteristic cellular structure giving place 
more fibrous structure with abundant stroma, and 
indicating change the direction increased differentiation. 


Clinical Effects upon Leukaemia Man 


Although these effects upon growth were way 
dramatic, the fact that they might brought about 
known Substance simple and readily available 
urethane, suggested trial its action inoperable cancer 
the human subject. Clinical trials, using urethane and 
isopropyl phenylcarbamate, were therefore started 1943, 
first the Royal Cancer Hospital, London, and afterwards 
with the Christie Hospital and Holt Radium 
Institute, Manchester. The results these early trials, 
mainly carcinoma the breast and miscellaneous group 
including other types malignant disease, were mainly 
negative, apart from possible slight and temporary alleviation 
very few cases. was, however, decided pursue the 
investigation for further period, and that part conducted 
the Christie Hospital, was next observed, Dr. Edith 
Paterson, that urethane produced fall the leucocyte- 
count some these cases, following which the clinical 


trial was extended include examples leukaemia and 
other lymphadenopathies. From the results, which were later 
described Paterson, ApThomas, Haddow Watkinson 
(1946), soon became obvious that urethane does, fact, 
produce remarkable changes leukaemia, represented the 
most favourable cases fall total leucocyte-count 
normal limits, tendency for the differential count 
more normal pattern, diminution the size the spleen 
and enlarged lymph-nodes, and rise haemoglobin level. 
There striking similarity between the leucocyte responses 
and those brought about x-ray therapy. There is, 
however, indication that permanent benefit may result 
from the use urethane either myeloid lymphatic 
leukaemia, since relapses take place, immature cells may 
reappear the blood, and all these changes are essentially 
reversible. 

These investigations show one curious feature, namely, 
that while the effects urethane growth were first 
observed animal material, and while was these findings 
which justified and led the study urethane cancer 
man, the characteristic effects leukaemia were then 
detected solely the result clinical observation. Although 
the emphasis now once again animal experiment, with 
the objective determining the mode action the drug, 
has become clear the writer that various leukaemias 
the mouse and rat are relatively refractory the influence 
urethane, and that the remarkable effect which shown 
clearly the human, might readily have eluded discovery 
attention had been confined animal material alone. 
other cases, positive effects different kinds obtained with 
animal tumours have been not all reproducible the 
human, and have here illustration the way which 
success such work subject severe hazard the 
variability response different tumours. 


Possible Modes Action 


The results other experiments have indicated that the 
growth-inhibitory action urethanes upon the Walker rat 
carcinoma restricted few such substances, and 
certainly not shown the great majority long series 
related compounds. This probable high degree 
specificity the action urethane obviously raises interesting 
problems its mode action. Although great deal 
work has been recorded the suppressive action urethane, 
phenylurethane and related carbamates other growth 
processes, bacteria, protozoa, sea-urchin eggs, plant 
tissues, and animal tissues growing vitro, little this 
direct assistance suggesting the mechanism which 
urethane produces its effects leukaemia. 

might, however, expected that assistance could 
obtained from the extensive literature dealing with urethanes 
and narcosis. long ago 1910, Warburg recorded that 
phenylurethane (c. 1/2,000 added seawater con- 
taining eggs the sea-urchin, Strongylocentrotus lividus, 
cell-division and nuclear division are suppressed, while the 
oxygen-consumption only very slightly reduced. Later, 
Warburg (1921) advanced the general theory that narcosis 
due adsorption the narcotic unimolecular layers 
the catalytic surfaces involved oxidation. The next 
interpretation, attempt relate both narcosis and 
inhibition cell-division with general inhibition 
dehydrogenases, faced with the difficulty that the concen- 
trations required induce narcosis, and suppress growth, 
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are often far smaller than those required inhibit enzyme- 
reactions. Keilin Hartree (1939) found that urethane and 
other narcotics, which the presence biological reducing- 
systems inhibit the reduction the cytochrome components 
and inhibit, the contrary, the oxidation and 
they suggested that the effect urethane consists bringing 
about the formation not easily dissociable complex 
composed dehydrogenase, substrate and cytochrome 
and making inaccessible the portion the system 
reacting with oxygen. Quastel (1943) also put forward the 
qualified view that the inhibition respiration brain tissue 
obtained low concentrations narcotics under aerobic 
conditions due, not competition the narcotic with 
substrates for their dehydrogenases, but the affinity the 
narcotic special component playing important part 
the complete respiratory process the cell—the narcotic 
effect being restricted low concentrations tissue 
component which possibly flavoprotein. special 
interest here that the activity Fisher Stern 
(1942) (that is, that portion the over-all respiration which 
most sensitive inhibition) appears associated with 
the maintenance normal mitosis, for when differen- 
tially suppressed appropriate concentrations urethane, 
abnormal nuclear figures appear. special case, Johnson, 
Eyring, Steblay, Chaplin, Huber Gherardi (1945), have 
summarized our present knowledge the relation between 
luminescent oxidation, the respiratory pathway bacteria, 
and the inhibitory action urethane: the luminescent 
system shows characteristic sensitivity urethane and 
affected much greater extent than total oxygen- 
consumption. 

When the first results animal tumours were being 
considered, was suggested Professor Todd that 
urethane might conceivably act competing with some 
natural amine involved the biosynthesis nucleotides. 
The possibility that urethane might act inducing 
deviation especially, say, purine synthesis, became even 
more suggestive when its action upon leukaemia was 
discovered, view the long-recognized aberration 
purine metabolism leukaemia, and speculations regarding 
relationship between leukaemia and uratosis subjects 
carrying latent tendency gout. Investigations the 
purine metabolism several the cases reported Paterson 
al. (1946) have not yet been sufficient yield any useful 
data, largely because none them was the uric-acid 
content the blood unduly raised before is, 
however, remarkable that colchicine, which was earliest 
employed for its action upon gout, then observed produce 
effects upon the bone-marrow (Dixon Malden, 1908), later 
discovered have its profound influence mitosis, and 
since known have some action leukaemia (Kneedler, 
1945), should imitated arsenic both the treatment 
leukaemia (see Forkner, 1938) and effects the mitotic 
cycle (Piton, 1929 Chodkowski, 1937 Dustin, 1938), and 
now some extent urethane leukaemia and 
cell-division. 


REFERENCES 

Auerbach, Robson, (1946) Nature, Lond. 157, 302 

Badger, M., Elson, A., Haddow, A., Hewett, 
Robinson, (1942) Proc. roy. Soc. 130, 255 

Banks, E., Boursnell, C., Francis, E., Hopwood, 
Wormall, (1946) Biochem. 40, 745 

Beatson, (1896) Lancet, 104; 162 


CHEMOTHERAPY CANCER 


Haddow 


important problem whether the primary action 
urethane upon the growth-mechanism upon differentia- 
tion-processes—to the extent that the two are separable. 
the present moment one regards the latter the more 
likely, and can only suggest that the drug may act growth 
primarily through the processes maturation, and 
leukaemia tending remedy some deficiency these 
processes. Quite apart from any question its practical 
clinical usefulness—and this, has been shown, clearly 
limited—there little doubt the value the observation 
itself for the future study errors differentiation general. 


CONCLUSION 


From the evidence summarized this and previous 
paper (Haddow, there can misunderstanding 
the almost insuperable problem which the chemotherapy 
cancer presents, and which, search comparison, 
can almost liken biological counterpart the 
squaring the circle. indeed true that those who have 
considered the matter most thoroughly are under the least 
illusion its practicability. That the subject will continue 
investigated, quite regardless success, is, however, 
equally true, and must therefore our duty stimulate 
this process far possible, while the same time never 
failing underline its inherent and therefore inescapable 
difficulties. The slight advances the past few years are, 
however, more than were accomplished any previous 
period, and surprisingly likely—and very much 
hoped for—that review such the present will compara- 
tively soon out date. one hundred years ago 
Walshe, then the professor pathological anatomy 
University College, wrote follows (The nature and 
treatment cancer, 1846) 


There medicine known having claims the character 
specific cancerous diseases, nor even endowed with 
the special attribute invariably modifying the course the 
affection. But this reason that such medicine may 
not the history mercury and quinine teaches the 
folly absolute scepticism respect the reality specific 
agents The efforts those, who are placed position 
fitted for the purpose, should unceasing the search after 
such medicine for nothing can more unphilosophical 
than conclude that does not exist, because has not yet 
been found. manifestly not from the 
drug-lauders that the discovery inestimable boon 
versed the diagnosis disease, has enough incredulity 
his intellectual composition doubt the evidence which 
not repeated time after time similar cases, who has fund 
patience which labour can exhaust, and conviction 
the grandeur his task, which disappointment, repeated 
ever often, can never succeed 


feared that the problem more unpromising 
than even Walshe believed, but his note buoyancy— 
which will certainly needed for long time come—we 
may end. 
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SURVEY THE DANAKHIL DESERT 


G. Jannone, G. Ferro-Luzzi & L. Mara: Risultati di una spedizione tecnico-scientifica 
nella Dancalia Settentrionale Esterna. [Asmara], 1946. (Monografia No. 2 
del Bollettino della Societd Italiana di Medicina e Igiene Tropicale, Sezione Eritrea). 


This book comprises detailed and informative account, 
sent Major Congdon, Controller Agriculture, and 
Lieut.-Colonel Pollock, Principal Medical Officer, 
the British Military Administration Eritrea, expedition 
the Danakhil Desert undertaken members the Agricultural 
and Medical Departments. The report divided into parts. 
The first concerned with the physical geography the district 
and the social conditions the inhabitants, written Dr. Luigi 
Mara, who malariologist and responsible for Part III, which 
deals more particularly with malarial problems and the prevailing 
genera and species Culicines. Part II, Professor Jannone, 
agrarian entomologist, treats agricultural and pastoral 
activities, forestry such is, mining and the locust troubles. 
Part Professor Ferro-Luzzi writes nutritional problems. 

The expedition travelled 1,216 kilometres and extended over 
approximately 25,000 and extends from 12° 22’ 15° 30’ 
latitude and 39° 45’ 42° 10’ longitude, and has popula- 
tion just under 20,000, mostly living the northern parts and 
the coastal villages. The area includes the Dankalia Danakhil 
Depression the west term which might fitly applied the 
effect produced well the physiography, for judging from 
the photographs the country consists largely barren, stony 
ground with scanty tufts bush-growth). the east this 
lies the hilly district. The average rainfall along the coastal belt 
Massaua the north, 104-2 Thid, about the 
middle, and 27-1 Assab the south. The temperature 
lowest January, 25-9° Massaua, 25-1° Assab, highest 
July, 35-2° and 35-3° respectively, and the mean for the year, 
and 29-9° 

Except Badda the west and, less extent, Saroita 
the east, irrigation carried out, but certain amount grain 
grown. Large wadis might utilized elsewhere for increasing 
grain production, but are not. The people the interior are 
engaged rearing goats and some sheep, cattle, donkeys, mules 
and camels, but, except the more hilly districts, where the 
rainfall greater, the pasture land poor. The need for food 
necessitates frequent movement and nomadic life. 

From the leaves the Dum Palm (Hyphaene dankaliensis), 
alcoholic drink, duma, made, and the leaves are used also 
for making baskets, mats, ropes, etc. The date palm (Phoenix 
dactylifera) also grows there. Locusts (Schistocerca gregaria), 
common parts Eritrea, the eastern lowlands, for example, 
not abound the barrenness the land and the 
low rainfall may account for this, but many dead locusts are seen 
the salt-lake district the west. thought that swarms pass 
over this and are killed poisonous gases exuding from thermo- 
mineral holes the ground. the Zariga district the south- 
east Badda sulphur works, and Dallol, little further south 
Badda, potassium compounds known carnallite and silvine 
are obtained and used fertilizers. 
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Dr. Mara, his account the malariology the area, shows 
that this disease not very serious problem because, owing 
the dry climate, there are only two, comparatively small, areas 
where the moisture favours mosquito-breeding. The Buri 
peninsula the north near the malarious eastern lowlands 
Eritrea, and the common vector Assab, the 
south, near the Arabian coast, endemic centre here the 
vector culicifacies, the local variety being adenensis. Six 
other species Anopheles exist, but only one, funestus, seems 
play the part transmitter. Aedes species are also found, 
among them Aedes aegypti, and domestic breeding-sites are 
fairly plentiful among the urban population the Red Sea 
eastern side. 

Part very instructive deals with food and nutrition, 
the different food the coastal, the plain and the 
hill peoples, their nutritional balance, imbalance, and indica- 
tions malnutrition and deficiency diseases. The diet habits 
the nomads the hills and the plains differ from each other and 
from those the coastal zone. The two former live almost 
entirely the milk their goats. Those living the lowlands 
have addition meat small amount and dura (sorghum) 
this whole contains less fat and vitamins and little 
lower calorie value than the other which has high vitamin 
content and biological value and calorie value 2,600. Those 
living the coast, having pasturage, exist diet comprising 
milk, meat, fish and cereals, together with the Dum-palm fruit 
already mentioned, and some alcoholic drink 
made from the palm. The diet whole, though more mixed, 
many respects inferior either the others and contains 
less protein, less fat, less vitamin, but more carbohydrate, and 
has calorie value only just over 2,000. Even though the best 
these below the European standard for health, signs 


-malnutrition any the avitaminoses are seen the highland 


people those the lowlands are living the margin 
breakdown and their resistance disease must weak. Among 
the coast-dwellers few cases avitaminosis-A and were 
observed, showing that the borderline safety had some 
already been overstepped, but even these the symptoms were 
not very severe, hyperkeratosis the skin (avitaminosis-A) and 
glossitis (-B) being the most marked. 

The book contains several well-reproduced photographs and 
good line-maps. The expedition must have had strenuous time 
have accomplished much the short period days. 


Harold Scott 
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DANISH TEXTBOOK VENEREAL DISEASE 


S$. Lomholt : Venereal diseases in general practice. 


Munskgaard, Copenhagen ; 
Lewis, London. 1946. 25s. 


This work translation, easy idiomatic English, the 
author’s Danish text-book, which reached its 3rd edition 1945. 
foreword Dr. Roxburgh. his own preface the author 
explains that had already prepared the English version his 
book and had been printed when the German occupation 
Denmark 1940 closed all communications between that country 
and England. Instead re-arranging the book incorporate 
the important new matter which has accrued during the war 
years and since, the author has thought suitable deal with 
this supplement occupying pages the end. English- 
speaking readers whom this work comes for the first time may 
well think that the author would have been better advised 
wait until the position regard penicillin had become little 
more stable and his own knowledge the newer methods had 
been tempered longer experience them. 

Over half the book devoted syphilis, which well 
illustrated with coloured plates containing figures and 
with figures black-and-white. This section far the 
best the book, though not every syphilologist will agree that 
haemorrhagic encephalopathy starts within few hours 
with the author’s rather summary dismissal 
sulpharsphenamine that solusalvarsan more reliable than 
sulpharsphenamine. the causes non-specific Wassermann 
reaction, the author has not included recent vaccination, typical 
pneumonia and some other conditions which recent work has 
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stigmatized possible sources error. treatment, the two 
schemes recommended the League Nations Committee are 
described, the author preferring the Plan Intermittent 
With one similar this says that 152 
previously untreated cases has obtained freedom from relapse 
all during period years and complete sero-negativity 
143. 

Chancroid dealt with about pages, illustrated with 
figures colour). Not everyone will agree with the author’s 
recommendation incise complicating bubo, and sulphonamide 
treatment should not dismissed lines. 

pages are described phagedena, lymphogranuloma 
inguinale (well illustrated with colour plate), granuloma 
venereum, ulcus insons puellarum ulcus vulvae acutum, 
balanoposthitis, phimosis, paraphimosis, 
condylomata acuminata, molluscum contagiosum, and crab- 
louse. This section illustrated with figures colour and 
black-and-white. 

Gonorrhoea dealt with the remaining pages the 
main body the book. Although contains much useful 
information, also contains much with which British venere- 
ologists would not agree. Thus long ago abandoned the use 
strong silver preparations the treatment gonorrhoea 
either males females, and palpation the prostate during 
acute stages considered likely favour the development 
epididymitis. would not agreed that irrigation difficult 
for patients practise themselves. The author advises that 
the urethra should not irrigated with disinfectant prior 
the passage aninstrument. that this applies particularly 
which there usually infection with mixed organisms, most 
British venereologists would not use potassium permanganate 
any case, because useless such infections, but they would 
certainly use antiseptic such mercury oxycyanide 
precaution against the instrument forcing the organisms deeper 
into the tissues. 

laboratory diagnosis gonorrhoea, two small points seem 
require revision. Under the technique gram-staining, 
said that methyl violet deteriorates with this directly 
contrary what said Mackie McCartney’s Handbook 
practical bacteriology. the other hand nothing said the 
deterioration, with age, Lugol’s iodine solution, which 
certainly very important. the account the gonococcal 
complement-fixation reaction, stated that the haemolytic 
system the amboceptor inactivated serum rabbits treated 
with injections extract guinea-pig The reason 
for instead the usual suspension blood cells 
not stated. 
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MEDICAL MYCOLOGY 


j. : Zimologia medica. Imprenta ** El Siglo llustrado,"” Montevideo, 


This work medical mycology the result studies carried 
out the author the Montevideo Institute Experimental 
Hygiene. His interest the subject was first aroused his 
having studied with Professor Talice and afterwards with 
Professor Langeron, and work the Monilias formed the basis 
for his doctorate thesis. Reading this present work impresses 
upon one how erroneous has been the incrimination many 
species pathogenic, mere fortuitous association having been 
declared, after inadequate investigation, aetiologically 
connected with disease. The author considers the following 
Genera: Candida, Trichosporon, Torulopsis, Pityrosporon, 
Rhodotorula, Endomyces, Saccharomyces, Endomycopsis and 
few others briefly. describes their morphology, macroscopic 
and microscopic, the question three phases their growth, 
the smooth, mycelial the rough, bacterial spore phase and 
the mucoid, and their transmissibility one another. Also 
their biology, adding few words their reputed possible 
pathogenicity and the results experimental tests rabbits, 
rats and mice. 

After few introductory remarks classification and technique 
growth and culture, each the above Genera considered 
turn. Sixteen species Candida are thus described, but the 


majority are not pathogenic. albicans found the alimen- 
tary canal the debilitated, thrush. Experimentally, 
intravenous injection blastospores gives rise small abscesses 
all organs 5-7 days; these calls seeding abscesses 
(lesions siembra) later there may infarct lesions lesions 
elimination and lesions secondary infection which 
the albicans secondarily invades, e.g. liver abscess some 
pulmonary condition. may form small nodules and undergo 
calcification caseation. Another species, tropicalis, 
found cases so-called broncho-moniliasis and paronychia 
the tropics, but its pathogenicity doubtful. 

Four species are described, one which, 
beigelii, pathogenic, causing White Piedra found also 
nodosities Black Piedra, but probably this case 
parasite the Piedraia hortae, the actual cause the black 
variety. Nine species Torulopsis neoformans 
the only one pathogenic, causing Torulosis, European 

lastomycosis. Pityrosporon thought some authors 
the cause pityriasis others, however, regard merely 
secondary invader. Rhodotorula, species are described, but 
those yet studied have not been proved pathogenic. 

Much the work described seems have been confirmatory 
that already published and the references the literature are 
numerous. details any cases are presented. There are 
good illustrations the naked-eye and the microscopical 
appearances the cultivated fungi. From the morphological 
and biological aspects the book should prove very useful 
work reference. 


Harold Scott 


THE GENUS MYCOBACTERIUM 


P. Hauduroy : Inventaire et description des bacilles paratuberculeux. Masson, Paris, 
1946. 200 francs. 


Professor Hauduroy has catalogued 160 members the genus 
Mycobacterium, giving the authors’ descriptions the bacteria. 
These descriptions vary from mere statement that acid-fast 
bacilli were observed certain material long and detailed 
accounts the morphological, cultural, biochemical and sero- 
logical characters the bacilli described, together with account 
the pathogenicity these various laboratory animals. 
This catalogue collects, for the first time, mass published 
material, much which not easily available. is, therefore, 
not only historical interest, but also importance anyone 
interested the genus. 

not clear, however, that Professor Hauduroy does any 
service determinative bacteriology grouping together 
heterodox collection bacteria under the designation para- 
true that all the bacteria described are 
members the genus Mycobacterium but, except for that, the 
relationship many them Mycobacterium tuberculosis 
seems very remote. There seems little justification for calling 
MM. smegmatis, phlei, stercusis, and many others 
excludes from the paratubercle bacilli 
only the classical tubercle bacilli, the leprosy bacillus and Johne’s 
and there seems little justification for it, should surely 
confined those strains acid-fast bacilli which have been 
isolated from tuberculous lesions, but which not conform 
the accepted characteristics the classical tubercle bacilli. The 
saprophytic acid-fast bacilli, many which are described 
here, have connexion with tuberculosis. would have been 
less controversial and nearer reality the monograph had 
been somewhat expanded and entitled Catalogue and 
Description the Genus Mycobacterium 

The chapters pathogenicity and tuberculin production are 
great interest. They raise matters fundamental importance 
the understanding the genus. What factor determines the 
pathogenicity any member the genus? The answer not 
here, but may that the stimulus will provided find 
answer. 

The description the vole bacillus pp. 111 and 112 
misleading. The pathogenicity for laboratory animals given 
here not that described Griffith. 
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RADIOLOGY 


Die der Thoraxorgane. Schwabe, Basel, 
1946. 12 Sw. francs. 

This small volume printed German good quality paper 
and illustrated with first class diagrammatic reproductions which 
emphasize the essential features seen the screen and the 
radiographic appearances the more common lesions within 
the thorax. 

The text concise yet essentials are missed, and arranged 
with great care exclude the rare, but include all the lesions 
usually met with chest-clinic. The and 
explanations technique are sound and complete. 

The routine conduct the examinations necessary examine 
the upper abdomen, diaphragm, lower-lung fields, middle fields 
and hilus, upper fields and apices, the heart and main vessels, 
oesophagus and mediastinum, and demonstrate the lesions 
and their characteristic appearances, are clearly defined. Few 
small books well achieve what the author set out do. 
congratulated producing such excellent and 
instructive account the uses fluoroscopy. All who wish 
know how conduct screen examinations the chest cannot 
better than learn the contents this book. 


James Brailsford 


* 


985 


P. van Pée: Précis de radio-diagnostic. Masson, Paris, 1944. 700 francs. 


This very sound précis diagnostic radiology which any 
student who wishes acquire the rudiments the art and has 
knowledge the French language would well assimilate. 
The volume explains the physics radiation concisely but 
distinctly. then sets out the technique for the examination 
each system, the skeletal, including neurological, gastro-intestinal, 
gall-bladder, cardio-vascular, respiratory and genito-urinary. 
each these the radiographic features the more common 
lesions are described and illustrated with the assistance good 
radiographs outline drawings. 

The author congratulated the selection material 
has used and the way has put together. The volume 
printed excellent paper with clear type which, these days, 
are all too scarce with English volumes. 


James Brailsford 


986 
THE KIDNEY PREGNANCY 


H. Pigeaud & H. Dumont: Les néphropathies gravidiques. Masson, Paris, 1946, 
140 francs. 

This book another addition the already extensive literature 
dealing with the group diseases now known Britain 
The authors recognize their first chapter the difficulties 
terminology and observe that, although albuminuria cardinal 
symptom, the renal lesion secondary one. They deal with the 
chief symptoms and signs—albuminuria, oedema, and hyper- 
tension—and discuss detail the theories the etiology the 
rise blood-pressure. They believe that metabolites play some 
part the causation this, without placing the blame any 
one substance. Discussing possible endocrine factors, they 
believe that general endocrine imbalance may play important 
part. They conclude that renal ischaemia due vascular spasm 
responsible for the main symptoms and signs hypertension, 
and that this caused indirectly endocrine imbalance. 

This book comprehensive treatise difficult subject 
which, although brings one little nearer explanation the 
true origin mysterious disease, brings many fresh ideas and 
restates the problem with admirable clarity. 

The authors have obviously not had access the most recent 
literature the subject from Britain and the United States. 
hoped that new edition may incorporate some the 
new facts that have arisen from research into problem which 
remains one the most difficult and therefore one the most 
fascinating obstetrics. 
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987 
PERIPHERAL NERVES 


E. Villiger : Die periphere Innervation. 10. Aufl. Schwabe, Basel, 1946. 16 Sw. francs. 


The popularity Emil Villiger’s book Die periphere Innervation, 
edited and revised Eugen Ludwig, sufficiently indicated 
the fact that has now reached its tenth edition. 

The text deals with the peripheral nervous system mainly 
from the point view its gross anatomy, but there also 
short section the functional aspects peripheral nervous 
lesions, illustrated photographs clinical cases. The topo- 
graphical anatomy well presented, and there are some excellent 
illustrations which help explain the text, while the brief 
clinical section the subject matter presented appealing 
manner. 

For the British reader, however, the book tends somewhat 
unbalanced. The preclinical student will find the descriptive 
anatomy unnecessarily detailed, and there description 
the microscopic anatomy the peripheral nervous system—a 
subject which many recent advances have been made. the 
other hand, while the topographical descriptions are adequate 
for the advanced student, the functional and clinical aspects 
the subject are insufficiently emphasized. Further, the absence 
references the literature renders the book limited 
value. 

The author has not set out produce work reference, and 
bearing this mind, may said that, though the book 
covers restricted field, systematists will find definite value. 


Weddell 
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Lewis's, 1844-1944: a brief account of a century's work. Lewis, London, 1945. 
Free on application. 

1844, Henry King Lewis, then young book-trade apprentice 
22, purchased small bookselling and stationery business 
Gower Street, London. From that small beginning has grown 
the modern Lewis’s familiar thousands medical students, 
with its publishing, its bookselling and its circulating-library 
activities. 

This well-produced booklet has been issued commemorate 
the centenary the firm, and show its close connexion with 
the medical profession. When and why the founder the firm 
decided specialize medical and scientific bookselling and 
publishing not clear, for the earliest works published were 
distinctly religious character. The close proximity 
University College and University College were 
probably important factors the transition. Similarly, the 
dissatisfaction medical readers with library facilities gave 
Mr. Lewis the idea setting circulating library medical 
and scientific books. This was 1853, and to-day the catalogue 
that library includes some 24,000 titles books importance. 

Throughout its long history, the firm has maintained friendly 
and intimate relations with the medical profession. The author 
this centenary history has dipped into the firm’s archives give 
unusual glimpses medical authors, Sir Thomas Barlow asa 
young student fearfully returning library volume had 
damaged, and the loss fortunately unique the history 
Firm statistical table for monograph Sir William 

sler’s. 

Perhaps the spirit Lewis’s may best summed the 
words the present chairman, Mr. Jackson, his preface, 
Even books may have been replaced the micro-film, things 
the mind will still prime importance, and Lewis’s’ 
should existence that distant time, may still helping 
the distribution knowledge 


989 
ANGLO-AMERICAN MEDICAL PROGRESS 


A. Abaza : Acquisitions médicales récentes dans les pays alliés. Doin, Paris, 1946 


The purpose this book provide, for members the 
medical profession those countries that were isolated during 
the years enemy occupation, account the advances 
medical treatment Britain and the USA since 1940. 
purpose has been most competently fulfilled Dr. Abaza, who 
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member the medical staff UNRRA, and his book will 
found useful countries other than those for whom was 
especially intended. The subjects reviewed include penicillin, 
the sulphonamides, atypical pneumonia, DDT, oestrogens, new 
forms insulin, fluorescence, microscopy, anouracil and ligation 
the ductus arteriosus. large list references given 
each case. 


990 
CLASSICS SCIENCE AND MEDICINE 


Under the above title, Messrs. Davis Orioli, Maddox 
Street, London, have published remarkable catalogue 
(No. 125) early scientific and medical books. The catalogue 
contains 444 items, among which are the first English edition 
(1597) Roger Bacon’s The mirror alchemy, the first edition 
(1600) William Gilbert’s magnete, William Harvey’s 
generatione animalium (1651), Robert Hooke’s Micrographia 
(1667), the Fasciculus medicinae (1500) Johannes Ketham, 
Ambroise Paré’s Dix livres chirurgie (1564), and many 
other works exceptional interest. 

his foreword, Mr. Davis points out that many the 
items included have not been offered for sale for many years and, 
adds fear that neither nor any other bookseller will 
able get together such collection the This 
unique catalogue amply illustrated with facsimiles, and medical 
bibliophiles will need encouragement justify Mr. Davis’s 
hope that will not thrown into the wastepaper basket. 


991 
JOURNALS RECEIVED 


The first three numbers (March, June, and 1946) 
the British Journal Pharmacology and Chemotherapy, have 
now appeared. This new quarterly periodical, published for the 
British Pharmacological Society the British Medical 
Association, designed assemble the work all fields 
concerned with the effects chemical substances animals and 
the living tissues, previously scattered throughout numerous 
periodicals. will publish original contributions all branches 
pharmacology and experimental chemotherapy, including 
biochemical and pathological aspects. Provision will also 
made for short communications and for brief notes technique. 
(Chairman), Dr. Ing (Secretary), Dr. Mutch, Dr. 
Scott, Professor Winton, Professor Burn, Dr. 
Hawking and the Editor the British Medical Journal. 

Sir Henry Dale explains foreword the first number the 
reasons for the issue the new periodical. Pharmacology and 
its vigorous offshoot chemotherapy, says, have risen rapidly 
major rank among the group scientific disciplines which 
come within the scope experimental medicine, and 
impossible for the American periodical, the Journal Pharma- 
cology and Experimental Therapeutics, cover the important 
new discoveries and developments from Great Britain and the 
British Dominions well from the United States America. 
Sir Henry Dale concludes expressing the hope that there will 
still abundant opportunities co-operation and friendly 
interchange between the new British periodical and the Journal 
Pharmacology and Experimental Therapeutics, which has 
long and well served British well American achievements 
this field. The contents Nos. and were listed the 
Guide the Journals earlier number (BMB 961). The 
contents No. appear this issue. 


* * * 


The first number another new journal published the 
British Medical Association also appeared March, 1946. 
Thorax the journal The Association for the Study 
Diseases the and, like the British Journal Pharma- 
cology and Chemotherapy, published for private society 
the British Medical Association. primarily intended for 
the publication original work diseases the chest and 
relevant anatomical and physiological studies. The joint editors 
are Norman Barrett and Scadding the Brompton 
Hospital, London, S.W.3, and they are assisted editorial 
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Clifford Hoyle, Johnstone, Wayne, and the Editor 
the British Medical Journal. Like the other new specialist 
periodicals now published the British Medical Association, 
will appear quarterly, and the price the annual subscription 
25/-. Its contributions are high standard and well 
produced technically. The full contents the first two numbers 
Thorax were listed the Guide the Journals BMB, 1946, 
961. The contents No. appear this issue. 


* * 


have received two new periodicals from Belgium. Acta 
clinica belgica, appear six times year, the continuation 
the Bulletin Société Clinique des Hépitaux Bruxelles, 
which ceased publication 1940. The first number published 
under the auspices the Société Clinique, but with the foundation 
the Société belge Médecine interne, expected that the 
new society will assume the responsibility publication. The 
Acta clinica belgica will publish original articles dealing with 
clinical medicine all its aspects, review articles, clinical 
observations, and analytical reviews books, monographs and 
articles both Belgian and foreign. 


* * 


The Revue médicale Liége, the other hand, intended 
for the general practitioner. the organ the Association 
des Anciens Eléves Faculté Médecine Liége, and will 
appear fortnightly intervals. One its chief objects, the 
editorial assures us, act intermediary between the 
specialist and the young general practitioner who can afford 
neither the time nor the money for post-graduate study. 


* * 


Tuberculosis Index and Abstracts Current Literature 
published the National Association for the Prevention 
Tuberculosis for the Tuberculous Educational Institute. 
object provide complete list current articles all 
aspects tuberculosis they appear world scientific and 
medical literature. The abstracts are grouped into broad subject 
headings, and are then arranged alphabetically under the author’s 
name. regrettable that the two numbers far published 
should bear different titles, and that mention volume 
individual number appears either them. 


* * 


Arquivos Instituto Estado Minas 
Gerais. The first volume this new Brazilian periodical, which 
appear irregular intervals, has been received. contains 
the scientific work the Instituto Quimico-Bidlogico, the work 
which devoted the problems human and animal 
pathology. The articles contained this volume cover 
wide range subjects, from antiscorpionic serum 
disease, and have short abstracts English. 

Farmacoterapia Actual (Madrid). The first volumes and 
numbers the current volume this monthly journal, now 
its third year publication, have just reached us. Each 
number contains least one general review article and 
original articles, while brief sections are devoted recent 
pharmacological developments, clinical notes, matters historica 
interest, and abstracts from foreign journals. 


* * * 


number the Revue Laryngologie, Otologie, Rhinologie 
has just been received. Enclosed one number find 65¢ 
année, septembre 1944, No. année, décembre 1945, No. 
année, janvier 1946, No. nomenclature which will 
undoubtedly make problem piece for medical bibliographers. 
Each number, fortunately, paginated separately, but difficulties 
precise dating are increased when read the editorial 
preface année 65, No. septembre 1944: C’est avec une 
profonde émotion que présente nos lecteurs, novembre 
1944 [our italics] premier numéro Revue Laryngologie 
number consists original articles followed 
clinical observations, while index bibliographique the 
current literature appears the introductory pages. 


Book Reviews 


The prices quoted are those which obtain within 
the United Kingdom. Publications are classified 
according the Universal Decimal Classification 
and the classification number each publication 
given the right 


ANAESTHESIA 
992 616-089.5 
Modern Anaesthetic Practice 


EDITED The Sir Rolleston Alan 
SECOND EDITION. LONDON, EYRE & SPOTTISWOODE LTD., 1940. 
viii + 150 PAGES; 7 ILLUSTRATIONS. 22 x 14am. 12s. 6d. [£0.625) 


Editorial preface. Introduction. (i) Theoretical aspects anaesthesia and 
analgesia ; (ii) the use of volatile anaesthetics ; (iii) nitrous oxide anaesthesia in 
surgery ; (iv) basal narcosis ; (v) endotracheal anaesthesia ; (vi) spinal anaes- 
thesia ; (vii) anaesthesia and analgesia in midwifery ; (viii) anaesthesia and the 
child ; (ix) anaesthesia in dentistry; (x) local anaesthesia and analgesia ; 
(xi) post-operative care: anaesthetic aspects; (xii) risks of explosion in 
anaesthesia. Index. 


The second edition this excellent little book bears little 
evidence the difficulties war-time publishing except for 
few errors spelling. The print clear and the general literary 
standard exceptionally high for medical text-book. Much 
the pleasure and benefit that any anaesthetist will derive from 
attributable the fact that essentially practical and 
based, largely, the personal experience the individual 
contributors. inevitable that they should disagree some 
minor points, notably the safety ether the presence 
open fire (pp. and 137), but these conflicts opinion are 
surprisingly few. 

The book introduced general review written the 
superb English one has expect from Dr. Blomfield. 
The chapter theory not great value and the more 
important practical points are dealt with elsewhere. Dr. Hewer’s 
wide knowledge and powers exposition could have been better 
employed some other section. The account nitrous oxide 
excellent, but four pages are occupied with description its 
use major surgery that inappropriate book this kind. 
The statement.that respiratory complications are reduced after 
the use basal hypnotics debatable, the inclusion, among 
disadvantages, the necessity for the anaesthetist examine 
the patient before administration. The recommended 
maximum dose pentothal—3 ‘rather larger than 
generally considered wise, and the the first sign 
undue restlessness [after pentothal] adult patient should 
receive intravenous injection omnopon, 1/3 does 
not agree with the same contributor’s remarks page 48. 

The chapter endotracheal anaesthesia one the best 
the book. Yet one must question the advice lighten anaes- 
thesia before foreign material which may have 
collected the vicinity the trachea nasopharynx can thus 
expelled spontaneously the unaided efforts the patient 
The first phase coughing the taking deep 
breath, which may carry such foreign material down into the 
lungs. Surely, the vicinity the trachea nasopharynx 
should cleared the anaesthetist before extubation. 
doubtful, too, whether justifiable obtain practice 
passing tubes the end long operations. 

The section Anaesthesia and Analgesia Midwifery 
good, somewhat repetitive, and shows extensive practical 
knowledge the subject. Owing the constancy the 
mixture the induction analgesia rapid” sequitur. 
the author’s call for some really satisfactory analgesic drug 
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that will give relief the early stage labour one might offer 
pethidine, which, surprisingly, not mentioned. Caudal anaes- 
thesia described unnecessary detail for technique that 
not recommended the readers. Anaesthesia and the Child 
excellent, but not atropine, 1/50-1/75 grain, rather much for 
child between two and five years age? Anaesthesia 
Dentistry reveals some confusion the author’s mind the 
mechanics rebreathing (page 101). The readiness with 
which these growths [carcinoma] bleed often makes the patients 
unsatisfactory subjects for nasal nitrous oxide, and evipan 
dangerous talk. Local Anaesthesia and Analgesia (why both 
the least valuable and least up-to-date section the book. 
For example, such major operations lobectomy 
thoracoplasty, high spinal anaesthetic ... far more 
suitable [than local regional nerve Dr. Magill’s 
Post-Operative Care: Anaesthetic Aspects masterly, and 
Dr. Hasler’s well-balanced account Risks Explosion 
Anaesthesia makes worthy tailpiece. The index adequate. 

Criticism detail must not allowed obscure the fact 
that this very good book. can recommended with 
confidence all occasional anaesthetists and could read with 
profit any. 
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CANCER 


Cancer the Scrotum Relation Occupation 
LONDON, OXFORD UNIVERSITY PRESS, 1946. viii 

112 PAGES; 30 ILLUSTRATIONS. 22 x 14 cm. 15s. [£0.75] 
(i) The nature and site of the disease ; (ii) landmarks in the history of cancer 
of the scrotum ; (iii) the results of notification of the disease ; (iv) investigation 
of fatal cases of the disease ; (v) the time necessary for the production of the 


primary growth ; (vi) treatment ; (vii) preventive measures; (viii) concluding 
remarks. Bibliography. Index. 


Dr. Henry his preface speaks too unassumingly this work 
has had unique experience, and one which will always 
authoritative work industrial cancer the skin. based 
Hunterian Lecture given him the Royal College 
Surgeons 1941 with the title Cancer the scrotum 
relation But the work under review covers 
much wider field, records 3,333 cases epitheliomatous 
ulceration cancer the skin, according the part the 
body which they occurred workers 100 different occupa- 
tions these cases came under Dr. Henry’s notice whilst was 
one H.M. Medical Inspectors Factories, have been 
reported him since his retirement from this post. 

Dr. Henry began take special interest the subject when 
was appointed Secretary the Home Office Departmental 
Committee set 1925 investigate the cause cancer 
the scrotum, which 1910 had been found Wilson, 
the Manchester Royal Infirmary, affect men working 
cotton-spinning mills machine known mule. this 
capacity, Dr. Henry undertook the laborious work searching 
the death registers Oldham and its hospitals, and those 
Manchester and other cotton-spinning towns. 

found the first record scrotal cancer 1887, years 
after shale oil had been added animal oil for lubrication 
the mills, and years after had become the sole oil used. 
Knowing the production epithelioma the skin 
laboratory mice the application mineral oil Leitch, 
1922, and Dr. Henry’s own investigations, the 
reported 1926 that mulespinners’ scrotal cancer was probably 
caused mineral oils used for lubricating the spindles the 
mule and thrown off them the clothes. 

Dr. Henry begins his work with historical survey from 
1775, the year which Percival Pott described scrotal cancer 
chimney sweeps caused the tar content soot, epithelioma 
the skin caused tars and mineral oils. tracing the history 
the disease before Percival Pott’s days, quotes Shakespeare’s 
chimney-sweepers, and reproduces two striking illustrations from 
prints 1630 and 1688. The long tortuous chimneys, needing 
small boys climb inside clean them, date from the great 
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fire London, 1660. Although brushes now replace boys, 
the incidence the disease chimney-sweepers was 
per million Dr. Henry’s last returns. 

the illustrations, the first are excellent reproductions 
scrotal cancer various stages its growth and early 
pre-cancerous keratotic changes the skin. The others are 
men working occupations which they are liable 
contract the disease. tables are given the sites the disease 
3,333 cases and the relation the site the 
number fatal cases various industries and the incidence per 
million workers and analysis 1,631 fatal cases 100 
different occupations. far the most numerous were 
occupations involving the use tar pitch (1,892 cases which 
429 were sited the scrotum) and cotton mule-spinners 
(1,229 and 793 respectively). graphs show the annual 
distribution mortality and the time required for the produc- 
tion malignancy after exposure—a very important point 
claims for compensation for disablement. 


After the report the Home Office Committee, the Manchester 
Cancer Committee 1926 established scientific research depart- 
ment the University, under Dr. Twort, examine the 
carcinogenic nature mineral oils according their origin. 
The Committee had the benefit the advice Dr. Henry, who 
was one its members, and samples oil used cotton mills 
were brought him for investigation. Shale oil was found 
carcinogenic that its use for lubrication was entirely discon- 
tinued. Other mineral oils varied potency according their 
origin, whilst animal and vegetable oils were harmless. Sperm 
oil added mineral oil diminished its danger. 

Dr. Henry recommends early notification the appearance 
spinner any suspicious change the skin, that can 
effectively treated and cured operation, rays radium. 
Cotton spinners are advised handbills examined every 
few months medical man for this purpose, done 
some mills, but usually such advice not followed. 

prevent the disease the employment non-carcinogenic 
mineral oil essential, and the only likely one white oil 
prepared chemical purification the less toxic mineral oils. 
One such oil was shown Dr. Twort harmless when 
was painted for long periods the skin mice, and several 
firms now market oils this type, although these have not been 
tested biologically. 

new appliance that can fitted the mules diminish 
contact with oil will contribute safety, will also additional 
short pants worn about the groins under the usual overalls, 
but spinners are seldom willing wear such garment. 

The Manchester Committee Cancer presented small book 
mulespinners’ cancer all medical practitioners the towns 
which cotton spun. mill-owners and operatives’ officials 
had copies it, while 10,000 handbills were distributed amongst 
the spinners themselves, containing advice similar that 
advocated Dr. Henry. 

medical referee for industrial diseases for years, during 
which time have benefited Dr. Henry’s advice, have seen 
some 200 cases cancer the skin precancerous keratotic 
changes spinners. The numbers have been decreasing since 
the safer oils have been used, but even the non-carcinogenic 
white oils alone are handled, epithelioma the skin will still 
occur men who have previously been using mineral oils, for, 
Dr. Henry’s graph shows, may take from years 
develop after original exposure mineral oils. 

There good list references authors quoted, with full 
and detailed index. book that should acquired 
everyone interested industrial diseases, not only those 
malignant character, and every medical and scientific library. 


Brockbank 
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The Results Radium and X-ray Therapy 
Malignant Disease: Being the Second Statistical 
Report from the Holt Radium Institute, Manchester 


COMPILED Paterson, Margaret Tod Marion Russell. 
EDINBURGH, E. & S. LIVINGSTONE LTD., 1946. 147 PAGES; 
ILLUSTRATED. cm. 7s. 6d. [£0.375] 


Introduction. Part I: (i) General survey; (ii) malignant disease—cases 
referred showing disease Classification ; (iii) malignant disease—all sites grouped 
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together ; (iv) bladder, urinary ; (v) breast ; (vi) maxillary antrum ; (vii) mouth 
and lip ; (viii) pharynx and larynx ; (ix) rectum ; ; (x) skin; (xi) uterine body 
(xii) uterine cervix ; (xiii) other sites. Part Il: (i) Scientific report with com- 
parative analyses of the various techniques employed ; (ii) bladder, urinary ; 
(iii) breast ; (iv) larynx ; (v) lip ; (vi) lymph nodes, cervical, secondary to mouth 
cancer ; (vii) maxillary antrum ; (viii) mouth ; (ix) parotid gland ; (x) penis ; 
(xi) pharynx ; (xii) reticulo-endothelial disease ; (xiii) skin ; (xiv) uterine body ; 
(xv) uterine cervix ; (xvi) vulva ; (xvii) various sites: anus, bone, nasal cavity, 
orbit, ovary, soft parts, testis, thyroid, vagina ; (xviii) various sites (poor prognosis 
groups): Hodgkin’s disease, lung and mediastinum, lymph nodes (supposed 
primary), oesophagus, prostate, rectum; (xix) various sites (small groups) : 
brain, middle ear, salivary glands, scrotum, stomach. Part III : (i) 10-year report 
of results of treatment during years 1932 and 1933 ; (ii) all sites grouped together ; 
(iii) breast ; (iv) mouth and lip ; (v) skin ; (vi) uterine cervix ; (vii) conclusion; 
(viii) relevant publications by members of the staff 


This report the second its kind published from the 
Holt Radium Institute, Manchester. The workers this centre 
have taken full advantage their unique opportunity treating 
large numbers cancer cases radiotherapy, and their observa- 
tions and results, embodied the present report, are probably 
without equal record positive achievement cancer 
treatment. 

The report three parts, each subserving different 
purpose. The first part general survey the treatment 
malignant disease, written with view providing 
for the general practitioner, the hospital administrator, and the 
intelligent layman. the second part attempt made 
evaluate the different methods radiation treatment and 
outline the techniques used. The third and shortest part refers 
the first report and gives the 10-year results the cases 
treated 1932-1933. 

The general survey forming Part admirable every 
respect. points out the essential factors necessary treatment 
increasingly successful. The first these the education 
the patient and private doctor that early signs and symptoms 
cancer can recognized, and cases can sent for treatment 
while the disease still curable. That cancer curable requires 
repeated emphasis, too often still regarded incurable 
malady. Conclusive proof the value treatment furnished 
the results obtained, since 8,298 cases malignant disease 
treated radiotherapy between 1932-1938 inclusive, 86% the 
early, and the early and moderately early cases survived 
years. The fact that under half the cases were advanced and 
gave only 13% five-year survival-rate sad commentary 
both the all-too-common failure recognize the early case 
and the limitations treatment. 

The second essential mentioned the need for organization 
make adequate treatment immediately available. The Holt 
Radium Institute outstanding example radiotherapy 
centre soundly organized deal with cases coming from large 
area North-west England. From 1932-1943 the number 
patients seen has risen from 1,313 4,530 The need 
for the third essential, namely clinical and scientific research, 
requires comment. 

Part detailed report intended for those engaged the 
treatment cancer and attempt relate radiotherapeutic 
methods with results and assess the value the different 
methods used. Surgical treatment considered only where 
combined with radiotherapy. 

The authors have set themselves task which admittedly 
difficult but clearly necessary radiotherapeutic progress 
maintained. Although they have succeeded point, 
too much expect that all their statements and conclusions 
will find general acceptance among radiotherapists. reading 
this section the report one cannot help gaining the impression 
that high degree standardization technique has been 
attained the Holt Radium Institute. Whilst this obviously 
facilitates treatment where large numbers patients are con- 
cerned, also means that the need for individualization 
treatment may readily overlooked, and the clinical aspects 
radiotherapy may sacrificed the altar organizational 
efficiency. 

Part III gives the 10-year results tabular form, and 
interest note that, the majority cases, the patient who 
survives years eventually dies from some cause other than 
cancer, the 5-year-survival figure thus providing satisfactory 
index the value treatment. 

would difficult praise this report too highly. should 
read and studied all interested in, concerned with the 
treatment cancer, and, possible, imitated other radio- 
therapy centres. 


Lederman 
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HEALTH 


995 614 
Charter for Health 


the British Medical Association under the 
Chairmanship Sir John Boyd LONDON, GEORGE ALLEN 


os LTD., 1946. 95 PAGES; ILLUSTRATED. 19 x 13 cm. 6s 


)The essentials of health ; (ii) the rdle of medicine ; (iii) preventable disease ; 

(iv) the family ; (v) the home ; (vi) food ; (vii) occupation ; (viii) recreation; 
(ix) mental health ; (x) health education ; (xi) some statistics ; (xii) the birth 
rate ; (xiii) the doctors’ prescription. Index. 
Although the contrary often suggested, statesmen have shown 
increasingly that they recognize the prerequisites health 
much more than items within even the best medical services. 
Medical Officers Health have for long recognized the physical 
environment and the right use material resources the back- 
ground healthy life and, moreover, have stated explicitly the 
conditions which must fulfilled order ensure health. 

Charter for Health authoritative, yet non-technical 
promoted and maintained for the masses. is, other words, 
popular guide aspect social medicine comprehensive, 
far goes, well illustrated, self-explanatory, easy read 
and balanced, might expected from the galaxy medical 
stars who have collaborated produce it. 

Diet, housing, family life work and leisure childhood and 
adulthood, mental health and bodily health are each com- 
petently reviewed. The chapters dealing with the house 
home and with mental aspects health are especially clear and 
vivid. They reveal the minds writers who know their subjects 
well enough make them simple without loss accuracy. 
aspects health and disease are well presented, too. 
The treatment would not always satisfy the expert, but that 
probably commendation. 

Indeed, the only general criticism which might advanced 
this excellent little book that, one sense, too highly 
selective. The connexion between health and the prevention 
some diseases made clear, but what not made clear 
that many diseases would little affected improved 
general environment and healthy way living. Though 
understandable, is, perhaps, unfortunate that the importance 
technical medicine and medical organization not suffi- 
ciently stressed, for judge their pronouncements, many 
Statesmen have tended discount their significance disease- 
prevention. The book had limited scope, but limited 
reference this aspect medicine omission consequence. 
health advisers the nation—as health educationists the 
political level. 

The book meets need which has not been met any other 
work its size. should read especially everyone 
interested current medical thought England, those 
concerned with politics who are without medical knowledge, 
practitioners Health Education”, and teachers 
biological subjects. The ordinary man who wants know 
about the principles health promotion could also study 
with profit, and many doctors would repaid for the time 
they spent reading the book, both because useful for the 
practitioner know how the subject presented the general 
public, and also for the broad perspective its contents. 


GYNAECOLOGY AND OBSTETRICS 


996 618.2 
Pocket Obstetrics 


viii + 148 PAGES; 13 ILLUSTRATIONS. 19 x 12cm. 7s. 6d. [£0.375] 


(i) Anatomy ; (ii) normal pregnancy, labour and puerperium ; (iii) abnormal 
pregnancy; (iv) abnormal labour; (v) abnormal puerperium; (vi) obstetric 
operations (vii) the baby. 

this synopsis obstetrics, the style necessarily 
staccato. The author takes for granted that the reader already 


possesses some knowledge the subject. Treatment based 
for the main part the practice Queen Charlotte’s Maternity 
Hospital. The main value the book for students who wish 
revise rapidly for obstetric examinations. 


997 616.4 618.1 


Gynaecological Endocrinology for the Practitioner 


P.M. Bishop. LIVINGSTONE LTD., 1946. 


Preface. (i) The endocrine control of the menstrual cycle ; (ii) sex hormones 
and their modes of administration ; (iii) amenorrhoea ; (iv) excessive bleeding ; 
(v) dysmenorrhoea ; (vi) the menopause; (vii) infertility ; (viii) pregnancy ; 
(ix) pregnancy tests ; (x) hormone assays. Appendix : commercial preparations 
of sex hormones. Index. 

This small book addressed the general practitioner, and 
contains the conclusions reached one who has devoted many 
years the study and practice clinical endocrinology. There 
probably clinical subject which there greater need 
for balanced outlook and sober judgment. The author has 
succeeded presenting the practitioner reliable guide 
hormone therapy the female. There useful Appendix 
containing list commercial products, with the names 
manufacturers and prices. 

Any practitioner who treats gynaecological cases should 
possess this book. The author congratulated 
presenting disordered subject such simple, lucid and 
balanced language. 


998 618 


Practical Handbook Midwifery and Gynae- 
cology 


BURGH, E. & S. LIVINGSTONE LTD., 1946, x +- 388 PAGES ; 3 PLATES, 


(i) Anatomy, development and physiology; (ii) diagnosis of pregnancy ; 
(iii) antenatal care and calculation of date of confinement ; (iv) normal labour ; 
(v) puerperium ; (vi) pathology of pregnancy; (vii) haemorrhages during 
pregnancy ; (viii) abnormal presentations in labour; (ix) delayed labour ; 
(x) contracted pelvis ; (xi) other major complications of labour ; (xii) obstetrical 
manipulations and operations ; (xiii) complications of puerperium; (xiv) puerperal 
sepsis; (xv) infections of genital tract; (xvi) displacements of the uterus ; 
(xvii) disorders menstruation and sexual abnormalities (xviii) diseases the 
uterus (xix) diseases ovary and Fallopian tubes (xx) diseases the vagina, 
vulva and urethra; (xxi) venereal diseases affecting the generative organs ; 
(xxii) sexual disorders ; (xxiii) therapeutic use of hormones in obstetrics and 
gynaecology ; (xxiv) some gynaecological operations ; (xxv) the infant. Appendix: 
the uses of X-ray in obstetrics and gynaecology. Index. 

The present edition this book published after interval 
years. Much new matter included, such 
sections the use rays obstetrics and gynaecology, the 
use drugs labour, the therapeutic use hormones. There 
now chapter the infant, written paediatrician. 

The authors are teachers Edinburgh University and have 
presented their subject way that makes easy for student 
grasp and assimilate. The classification lucid, and the 
sub-sections are enumerated such manner that all the 
salient features catch the eye without the fatigue having 
filter one’s way through verbiage. The book essentially 
practical, and the authors take pains indicate the reasons for 
their preference for particular procedure. full practical 
hints—for example, the clamping the umbilical cord the 
level the vulva will show the position the forceps, 
whether the exposed portion the cord has lengthened with 
the separation the placenta. The greater part the book 
deals with obstetrics, and rightly so, since much gynaecological 

descriptions gynaecological operations. The majority 
readers will probably never perform any these operations, and 
those who intend operate will require much more ample 
instructions surgical technique. 

This book can strongly recommended students and those 
practitioners who wish revise their obstetric knowledge. The 
authors have succeeded admirably fulfilling the task they set 
themselves. 
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HUNTERIAN MUSEUM 


999 61(074) 


The Hunterian Museum: Yesterday and To-morrow 


Grey LONDON, CASSELL CO. LTD., 1946. viii 


Introduction. (i) Choice of subject ; (ii) museums before Hunter ; (iii) how 
Hunter was inspired ; (iv) inception and growth of the collection ; (v) Hunter's 
method of work ; (vi) the workroom ; (vii) the collection after Hunter’s death ; 
(viii) the museum in its hey-day ; (ix) the disaster and after ; (x) the future ; 
(xi) museum technique. Conclusion. Index. 


This small volume passes larger audience the Hunterian 
Oration for 1945. might well called, Yesterday, to-day 
and for, one reads Professor Grey 
absorbing story, evident that the dire misfortune the 
Hunterian Museum provides the stimulus and opportunity for 
yet more glorious to-morrow—a future which all the younger 
members the profession may, and indeed must, play 
active part. 

The author begins with general review early medical 
museums, passes sketch the life John Hunter and 
examines the various factors which may have inspired his work. 
pays tribute the many loyal workers who have cared for 
the collection, interpreted its message, and maintained the 
Hunter tradition through the long years development— 
William Clift, Richard Owen, James Paget, William Pearson, 
Samuel George Shattock, Arthur Keith, and many others. 
the devoted work such men found the secret its 
past success, for collection the world could rival it. 

But the clouds are gathering and total warfare has con- 
sideration for the treasures man has accumulated day 
may end the work centuries. And was, the night 
May 1941, when nearly two-thirds the contents the 
Hunterian Museum were destroyed blast and fire. Professor 
Grey Turner tells moving story this disaster. Elaborate 
precautions had been taken safeguard the collection, but they 
had failed. The surviving exhibits were removed dispersal 
centres out the danger area and the Museum Committee 
proceeded plan for the future. 

was decided that the new museum should built round 
the surviving specimens illustrate the development, the 
Structure and the functions man, together with the accidents 
and diseases which may victim, with such references 
the animal kingdom may help elucidate the problems 
involved. The museum would less diffuse and its object more 
clearly defined. The lessons the past had been learnt every- 
thing must contribute the two main functions such 
museum—education and research. The last two chapters are 
rich with valuable suggestions for the organization and adminis- 
tration the they deal with the vexed question 
private collections, with special exhibits and fresh developments, 
more especially the anatomical field. There also plea for 
closer co-operation between the medical museums home 
and abroad. 

Throughout the book the author speaks with the sympathy 
and authority one who loves his subject and appreciates the 
part which such national museum may play the future history 
medical progress. monograph which all may read with 
profit for, the past, few have realized the important part the 
medical museum has play education and research. 


LEPROSY 


1000 
Leprosy 


616-002.73 


Sir Leonard Rogers Ernest BRISTOL, JOHN WRIGHT 


25s. [£1.25] 


_ G@) History of leprosy; (ii) the distribution of leprosy; (iii) conditions 
influencing the prevalence of leprosy ; (iv) theories of the causation of leprosy; 
(v) the communicability of leprosy +. (vi) conditions influencing the contagious- 
ness of leprosy ; (vii) history ; (viii) principles and practice of present-day 
prophylaxis ; (ix) description and distribution of bacillus; (x) the rimary 
infection—incubation—mode of onset; (xi) classification of types of cases ; 
(xii) clinical signs and athology of the lesions ; (xiii) leprous lesions considered 
regionally ; (xiv) incidence ; (xv) diagnosis ; (xvi) prognosis ; (xvii) historical 
review ; (xviii) lines of treatment recommended. Appendices. Index. 
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The first edition this book appeared long ago 1925, 
the second 1940. The early appearance this third edition 
due the destruction bombing large part the 
publisher’s remaining stock during the air-attack Bristol. 
Many the blocks illustrations were also destroyed. 

indeed fortunate that the authors and publisher have 
had the enterprise, not only make good the loss, but also 
produce improved edition with more and better illustrations. 
Additions have been made the sections dealing with prophy- 
laxis, etiology, diagnosis, and the clinical aspects the disease. 

Although research work leprosy has naturally been less 
during the war, interesting find that some new drugs, such 
being distinct value certain forms the disease. book 
leprosy cannot expected best-seller, but the earlier 
chapters this volume, Sir Leonard Rogers, found 
intensely interesting, not only medical men, but also many 
laymen whose work lies countries where leprosy problem. 

The section dealing with the development modern methods 
control exceptional interest because the author was 
himself the originator and persistent advocate these methods. 
not too much say that Sir Leonard has initiated new 
epoch the history leprosy has not only worked out 
better methods treatment and prevention, but, thanks his 
energy and vision, has changed the whole outlook the 
disease. Hope has been brought the leper and the way has 
been shown the establishment organization for the 
systematic control the disease. Dr. Muir has for many years 
collaborated with Sir Leonard and has unrivalled knowledge 
the clinical aspects the disease India and many other parts 
the world. 

Few medical subjects can have had stronger combination 
expositors, and medical men tropical countries will long owe 
debt gratitude the authors for their authoritative guidance 
difficult subject. Even the beginner will find the book easy 
reading, and the excellent illustrations will the greatest 
help him. The lines treatment recommended are stated 
clearly but without undue dogmatism. Special emphasis laid 
the importance general treatment adjunct the 
special methods with which the authors’ names are closely 
associated. worker, medical lay, the field leprosy 
can afford dispense with careful study this book. 


NUTRITION 
1001 612.39 


Food and Nutrition: The Physiological Bases Human 
Nutrition 


(i) Introductory : the evolution of human dietaries ; (ii) the problem of world 
malnutrition ; (iii) the problem of nutrition in Great Britain ; (iv) the problem 
of nutrition in Great Britain 1939-45 ; (v) the energy requirements of the body ; 
(vi) protein requirements the (vii) foodstuffs and their fuel values 
«viii) mineral salts in nutrition ; (ix) vitamins and dietary deficiency diseases. 
Vitamin and the vitamin complex; (x) vitamins and dietary deficiency 
diseases (cont.) ; vitamins C, D, E and K ; (xi) bread ; (xii) milk ; (xiii) protein 
rich foods ; (xiv) vegetarianism ; (xv) dietary standards and dietary planning ; 
(xvi) dehydration and preservation of foods; (xvii) diet and dental caries ; 
(xviii) the appraisal of the nutritional state in individuals and communities ; 
(xix) the Food and Agriculture World Organization. Index. 


The reader purchases book such this for one three 
reasons. personal knowledge the author and his work 
suggests presentation the object matter which would 
profitable possess. The book may form integral part 
the bibliography this subject. Or, finally, might the book 
which could handed beginner one moderately 
acquainted with the subject matter advanced worker 
the field read with profit. 

receipt this book, must confessed that was 
welcomed for the first the reasons stated, but careful reading 
the text leaves the reviewer doubt the purpose and 
public the author desired. Whilst the text contains much 
interesting material, fails too frequently clarity and accuracy. 

Human nutrition means exact science, but text 
this kind surely greater simplification permissible regard 
the human requirement for protein than given Table 3C, 
44, and pp. and 71; and for Vitamin Table and 
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pp. 132 and 133, take only two examples. Apparently, the 
ingestion food raises the daily calorific requirements 
kg. man from 1,684 (p. 58) 2,400 Calories (p. 62). 

read, 73, has long been known that carbohydrate 
has sparing action protein metabolism. Several investi- 
gators have shown that man starved, the output nitrogen 
the urine falls. This indicates that, after the first two days 
inanition, when carbohydrate stores have been rapidly diminished, 
the body obtains energy from protein and fat. When, the 
last stage severe prolonged starvation, almost all fat has 
disappeared, the body has rely its protein for the supply 
energy. The loss protein can, however, stopped 
carbohydrate administered amounts sufficient meet the 
energy requirements the resting man, i.e. about Calories 
per kilogram. Whenever the protein wastage stops, the tissues 
will restored rebuilding the protein part their 
structure. This the extreme case, and here only carbohydrate, 
glucose, effective.” 

Butter classified protein-rich foodstuff, 201. 
Pasteurization milk, dehydration foodstuffs, appraisal 
nutritional states individuals and communities, diet and dental 
caries and the Food and Agriculture World Organization are 
among the topics discussed. 

The text, which contains more than tables, and figures, 
set bold, clear type good paper. 


PENICILLIN THERAPY 


1002 615.779.5 


Penicillin: Its Practical Application 


Under the General Editorship Sir Alexander Fleming. 
LONDON, BUTTERWORTH CO. LTD., 1946. 380 PAGES 
59 ILLUSTRATIONS. 23 x 14cm. £1.10s. [£1.5] 


General : (i) history and development of penicillin ; (ii) chemistry and manu- 
facture of penicillin ; (iii) pharmacy of penicillin ; (iv) pharmacology of peni- 
cillin ; (v) bacteriological control of penicillin therapy ; (vi) methods of adminis- 
tration. Clinical: (vii) prophylactic use of penicillin ; (viii) generalized infections ; 
(ix) bacterial endocarditis ; (x) chest infections ; (xi) chest surgery ; (xii) wounds 
and gas gangrene ; (xiii) burns and plastic surgery ; (xiv) orthopaedic surgery 
and fractures; (xv) osteomyelitis; (xvi) hand infections; (xvii) abdominal 
infections ; (xviii) obstetrics and gynaecology; (xix) sepsis neonatorum ; 
(xx) brain and meningeal infections ; (xxi) venereal diseases ; (xxii) ophthal- 
mology ; (xxiii) otorhinolaryngology ; (xxiv) dermatology ; (xxv) dental and 
oral infections ; (xxvi) penicillin in animal diseases ; (xxvii) penicillin and the 
general practitioner. Index. 


1003 
Penicillin General Practice 


LONDON, STAPLES PRESS LTD., 1946. 
PAGES; ILLUSTRATIONS. cm. 5s. [£0.25] 


_{i) The history of penicillin ; (ii) the nature and properties of penicillin ; 
(iii) the principles of penicillin treatment ; (iv) methods of administration ; 
(v) preparations of penicillin ; (vi) the treatment of systemic infections with 
penicillin ; (vii) the treatment of pulmonary infections ; (viii) penicillin in some 
miscellaneous surgical conditions ; (ix) penicillin in other miscellaneous con- 
ditions ; (x) treatment of infections of the eye ; (xi) treatment of infections of 
ear, nose and throat ; (xii) treatment of infective conditions of the skin ; (xiii) 
penicillin in venereal disease. Appendix. Index. 


1004 
Practical Points Penicillin Treatment 


CHURCHILL L.TD., 1946. iii;+16 PAGES; 1 ILLUSTRATION. 18x 12 cm. 
1s. 6d. [£0.075] 


Britain, true her traditions, has been slow the publication 
books penicillin, but the almost simultaneous 
appearance these three books shows, this lag rapidly being 
overcome. Such tardiness not without its compensations 
when dealing with rapidly developing new therapeutic measure, 
gives time for views the subject become crystallized. 
Varying their approach the subject, from the comprehensive- 
ness Sir Alexander Fleming’s book the potted synthesis 
Dr. Beaumont’s, they each subserve useful function. 


Pride place must given the volume edited Sir 
Alexander Fleming. Practically years have elapsed since the 
accidental contamination culture plate St. Mary’s Hospital 
gave the first inkling development bacteriology that, 
result the hazard war, has developed into the greatest 
advance the history therapeutics. only fitting, therefore, 
that the first book the subject published this country 
should appear under the aegis the original discoverer. For the 
purpose his book the editor has collected around him 
distinguished team contributors, all whom have had con- 
siderable experience the use penicillin, and all whom 
approach the subject from essentially practical point view. 
The editor himself contributes the chapters the history and 
development penicillin and the bacteriological control 
penicillin therapy. These two chapters, along with others 
the chemistry and manufacture penicillin, the pharmacy 
penicillin (by Professor Berry), the pharmacology penicillin 
(by Professor Garrod) and methods administration, constitute 
the first section the book. The second, and greater, part 
the book devoted chapters dealing with the use penicillin 
various diseases and systems, covering the whole range 
penicillin therapy. There even chapter the use peni- 
cillin animal diseases. useful concluding chapter entitled 
Penicillin and the general practitioner 

The general standard the book high, and most criticism 
could countered the defence that knowledge concerning 
penicillin developing rapidly that any book the subject 
out date certain extent before published. Even so, 
regretted that some reference least has not been 
made the problem the therapeutic efficacy the different 
penicillins, particularly the treatment syphilis. Two more 
serious criticisms are that sufficient emphasis not laid upon 
(i) the danger masking syphilis the treatment gonorrhoea 
with penicillin, and (ii) the danger mastoiditis developing 
insidiously and unnoticed certain number cases otitis 
media treated with this antibiotic. The standard the biblio- 
graphies provided different contributors curiously variable, 
some chapters having references all. protest must 
made against the use referring young 
infants. More than one distinguished paediatrician would turn 
his grave were learn that sixty-nine neonates were 
admitted the Hospital for Sick Children, Great Ormond 
But taken all, this can safely described the 
most reliable book the subject that has yet appeared, and 
exaggeration add that book that must read and 
studied every practising doctor, whether general practitioner 
consultant, physician surgeon. 

Dr. Hamilton-Paterson’s booklet contains amazing amount 
information and can safely recommended for the general 
practitioner who wants have book the subject which 
can slip into his pocket and therefore always have him 
consult the course his rounds. Much the information 
given tentative manner the opinions different writers 
the subject. certain amount dogmatism, combined with 
more concentration the commoner conditions encountered 
general practice, would have enhanced the value the book 
for the general practitioner. 

attempt epitomize pages the use penicillin, 
Dr. Beaumont and Dr. Palmer do, not without its dangers. 
little knowledge can dangerous thing, and this leaflet 
could recommended only for use conjunction with series 
lectures dealing more detail with the subject. say, for 
instance, without qualification that penicillin not 
colds, influenza and smallpox state half-truth that can 
more harm than good. 


PSYCHIATRIST’S ANTHOLOGY 
1005 
Analecta Psychiatrica 


LONDON, LEWIS CO. LTD., 1946. xvi 160 
PAGES. 14cm. 16s. 


(a) The psychological physician, etc.; (b) Tom o’ Bedlam; (c) forms of 
mental disorder, etc.; (d) suicide; (€) causes, etc., of mental disorder ; 
(f) treatment ; (g) pathology, etc. (eighteenth century); (h) some interesting 
cases, etc. ; (i) tabular retrospect of psychiatry. 


| 
| 
| 
| 
Fae, 


The late Whitwell was known members the 
Royal Medico-Psychological Association for many years. 
was their Honorary Librarian and had spent years browsing 
quietly the Library Chandos Street where most their 
treasures lay. 

This small book the result years reading, not amongst 
the ostentatious and distinguished looking modern books, but 
amongst the old books written humble men who knew 
nothing insulin, electric-shock leucotomy (some their 
treatments were much more drastic). 

consists excerpts from most the old writers from 
Hippocrates, Avicenna, Galen, Aristotle, through Shakespeare, 
Pope, Dryden, Burton the reformers and kind-hearted men 
the nineteenth century. 

quotes Andrew Boorde’s (1490-1549 Breviary Healthe 
Masters the eximious and arcane science physick, your 
urbanity, exasperate not yourselves against for making this 
little 

Those who are not yet masters the eximious and 
arcane science may nevertheless feel some 
that Dr. Whitwell has rather ignored Andrew 
Boorde’s contemporaries, the century herbalists. 

Dodoens, read Lyte’s translation, provides with 
feast prescriptions which are the greatest interest the 
put wine, and that wine dronken, wil cause men 
gladde and mery, and driveth away all heavy sadness and dull 
melancholie.” profitable for those that are 
fearefull, melancholique, and troubled sprite and 
again the peony Dodoens says: Fiftene sixtene the 
black seedes dronke wine meade speciall good 
remedie for them that are troubled with the night Mare (which 
disease wherein men seeme oppressed the night with 
some great burthe and sometimes overcome with their 
enimies) and good against melancholique dreames.” 
Aemelius Macer’s vertutibus herbarum tells verse the 
same quaint old remedies for sicknesse the minde 

This small omission apart, Dr. Whitwell has given most 
interesting collection writings from the old masters which 
are sheer joy read and re-read, and pity did not 


live see its welcome. 
W.T. Fleming 


SURGERY 


1006 617-089 
Operative Surgery 


G. Bankoff. LONDON, MEDICAL PUBLICATIONS LTD., 1946. 
416 PAGES; 479 ILLUSTRATIONS. 22 x 14cm. £3 3s. [£3.15] 


(i) General operative technique ; (ii) operations on blood-vessels ; (iii) opera- 
tions on bones ; (iv) orthopaedic operations on the extremities ; (v) amputations ; 
(vi) operations on lymph glands ; (vii) operations on joints ; (viii) operations on 
muscles and tendons ; (ix) operations on peripheral nerves ; (x) operations for 
infections of the hand ; (xi) operations on the scalp, brain and skull ; (xii) opera- 
tions on the cranial air sinuses; (xiii) operations on the spinal cord ; ; (xiv) 
operations on the face ; (xv) operations on the jaws ; (xvi) operations on the 
tongue and floor of the mouth ; (xvii) operations on the neck ; (xviii) operations 
on the thyroid gland ; (xix) operations on the pharynx and oesophagus ; (xx) 
operations on the air passages ; (xxi) operations on the breast ; (xxii) operations 
on the chest ; (xxiii) the general principles of abdominal surgery ; (xxiv) opera- 
tions on the stomach and duodenum ; (xxv) operations on the liver, gall bladder, 
and bile duct ; (xxvi) operations on the pancreas ; (xxvii) operations on the 
intestines ; (xxviii) appendicectomy ; (xxix) operations on the rectum; (xxx) 
operations for hernia ; (xxxi) operations on the spleen ; (xxxii) operations on 
the kidney and ureter ; (xxxiii) operations on the bladder ; (xxxiv) operations 
on the urethra ; (xxxv) operations on the male genitals ; (xxxvi) plastic repair ; 
(xxxvii) repair of war injuries ; (xxxviii) repair of injuries of the body ; (xxxix) 
ereatment of war fractures. Index. 


The author this book states that his prime object 
provide concise treatise not for the specialist but for the student 
and general practitioner. This raises the question what 
should provided for such public. Since they not 
specialize surgery they would need only brief descriptions 
major operations, but they would certainly require full 
account all those minor operations which they might called 
upon perform only standardized and up-to-date techniques 
should chosen, and brief notes might inserted pre- 
operative and post-operative treatment. Judged this standard, 
this book inadequate. 


BOOK REVIEWS 


The section ligature the blood-vessels written 
conventional lines and the chapter amputations com- 
mendably short, though several uncommon types osteoplastic 
amputation the lower limb are illustrated. For the most 
part, however, there lack judgment the choice 
operations described. There very fully illustrated 
account operation for cleft-palate, but much too brief 
description the procedures which may required dealing 
with septic hand. The common operations for hallux valgus are 
sought vain; instead find described complicated 
procedure which would need seen performed before 
could attempted. The technical descriptions cholecystec- 
tomy, gastro-enterostomy, and excision the rectum are too 
full detail and rather difficult follow. the 14-line account 
intestinal obstruction are told that immediate operation 
imperative without one word Wangensteen’s method 
intestinal decompression similarly, the section acute 
osteomyelitis the advice given that early operation 
possible desirable without mention the value penicillin 
deferring the need for such operation. indeed startling 
find book printed 1946 that penicillin not mentioned 
the index, nor referred even the section war injuries. 
passing, note that the author confuses laryngotomy with 
tracheotomy. 

The book well produced, printed good paper and profusely 
illustrated, but one gets the impression that ill-digested 
compilation rather than the outcome extensive experience. 
not the type book which can recommend either for the 
student general practitioner. 
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The Principles and Practice War Surgery 


EDITION. LONDON, HAMISH HAMILTON 
MEDICAL ai 1946. xvii + 426 PAGES; 156 ILLUSTRATIONS. 
24 x 16 cm. 2s. [£2.1] 


Preface to first edition ; preface to third edition ; Part I: The pathology of 
wounds and the treatment of the wounded patient. (i) The biological principles 
of treatment ; (ii) the development of war surgery ; (iii) the healing of wounds ; 
(iv) infection ; (v) the passage of bacteria and their toxins through the body ; 
(vi) pyogenic infections war wounds; (vii) gas (viii) tetanus 
(ix) shock (x) traumatic vascular spasm (xi) blood transfusion (xii) 
thesia in wartime ; Part Il: The technique of wound surgery: a five-point 
programme. (xiii) The essentials of treatment and organization ; (xiv) cleansing 
the (xv) chemotherapy (xvi) wound excision (xvii) drainage 
(xviii) reduction and fixation of fractures ; (xix) immobilization ; (xx) plaster- 
of-Paris technique : (xxi) primary and secondary sutures; (xxii) skin graft in 
war surgery; (xxiii) articular wounds; (xxiv) amputation (xxv) postural 
treatment ; (xxvi) regional surgery ; (xxvii) burns. Appendix I. Bacteriology 
and progress of sulphanilamide-treated wounds. Appendix Il. Experience since 
the invasion of Europe. Bibliography. Index. 

The appearance the third edition this book traumatic 
surgery proves that has been both popular and useful those 
members the medical profession who have deal with 
traumatic surgery, and indeed welcome find such 
practical volume this subject written surgeon con- 
siderable practical experience. 

true that the publishers regret the end the war occurring 
before this edition could published. least they spare 
the recommendation that new war should justify its appearance, 
and assuredly the increasing number road accidents will make 
the volume welcome the many surgeons who have deal with 
these injuries. 

The volume presents well-arranged approach the whole 
subject traumatic surgery, and gives clear disposition its 
principles with which all surgeons experience must agree. 

the preface Dr. Trueta states that perhaps the most 
important lesson all that there has been effective 
substitute for correct surgery. Chemotherapy invaluable 
complement timely cleansing, excision, drainage and immo- 
bilization but when admitted alternative these can 
positive The truth this statement all too 
obviously evident the present time, and one that should 
taken heart the whole medical profession indeed, 
experience leads one suggest that the early and adequate 
performance correct surgical procedures requires emphasis. 

Perhaps not sufficient credit given the work the surgeons 
the war 1914/1918, for they, painful experience, arrived 
basic principles which were largely forgotten the years 
between the wars. Logie, for example, writing 1943 the 
Tobruk campaign, stresses that The basic principles surgery 
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are the same the whole world over though had discovered 
some new fact doubtless these principles are danger being 
forgotten the future they have been the past, unless some 
grave mischance, such arrogance bred ignorance and fear, 
forces war the near future. 

may permitted offer few detailed comments, 
while the publishers claim that section the transport 
casualties added, this such general lines and such 
high level that unlikely much benefit most 
surgeons, who are more concerned with the immediate problem 
and judging which are most urgent need 
surgical intervention. 

The sections shock and gas gangrene are valuable contri- 
bution these subjects, though the indications for prophylactic 
treatment are perhaps not clearly set out. 

The recommendation pressure-plaster treatment routine 
for burns will open grave criticism many British 
surgeons, whose war experience has led them doubt both 
the safety and efficacy this method treatment, but 
disciple the school plaster treatment initiated Croft and 
continued Makins, Wallace and Max Page, the reviewer has 
nothing but praise for the closed-plaster treatment wounds 
and fractures, though one may disagree slightly with some 
details the technique advocated. 

Postural treatment the after-care these and other cases 
trauma rightly stressed important feature preventing 
oedema and pain, and one which often overlooked 
many surgeons. 

The book welcome addition the library any medical 
practitioner concerned with the treatment injuries, but 
perhaps inclined stress the air-raid and traffic-accident type 
treatment against the difficulties met with those cases 
occurring mobile and mechanical warfare. These difficulties 
are often, from our experience, not sufficiently emphasized, nor 
sufficient credit given the surgeons the combatant medical 
services for the notable manner which they were overcome, 
and surgery brought within reach the front-line casualty 
within that period hours which correctly advocated 
Dr. Trueta. 
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NEW EDITIONS 
Notable Names Medicine and Surgery 


LEWIS CO. LTD., 1946. viii 202 PAGES; 238 ILLUSTRA- 
TIONS. 15s. [£0.75] 

The first edition this volume short biographies familiar 
medicine and surgery has already been reviewed 
these columns (BMB, 1944, 482/81). The second edition has 
not been extensively, but the illustrations have been 
mproved and 
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Antenatal and Postnatal Care 


Francis Browne, SUXTH EDITION. LONDON, CHURCHILL 
LTD., 1946. viii + 644 PAGES; 90 ILLUSTRATIONS. 21 x 14 cm, 
£1 5s. [£1.25] 

(i) The history and development of antenatal care; (ii) diagnosis of early 
pregnancy ; (iii) examination of the patient ; (iv) the hygiene of pregnancy ; 
(v) the influence of the emotions upon pocmnenee, and parturition ; (vi) construc- 
tive, educational and social aspects of antenatal care ; (vii) the inheritance of 
morbid characters ; (viii) maturity and postmaturity ; (ix) abnormal presentations 
and positions ; (x) multiple pregnancy ; (xi) abnormalities in the quantity of 
amniotic fluid ; (xii) haemorrhage in early pregnancy ; (xiii) haemorrhage in 
early pregnancy (continued); (xiv) haemorrhage in early pregnancy (continued) ; 
(xv) unsuccessful pregnancy ; (xvi) the Rh factor and erythroblastosis (haemolytic 
disease of the new born); (xvii) haemorrhage in late pregnancy; (xviii) 
haemorrhage in late pregnancy (continued); (xix) contracted pelvis and dispro- 
portion ; (xx) displacements of the uterus in pregnancy ; (xxi) vomiting in 
pregnancy ; (xxii) the toxaemias of late pregnancy ; (xxiii) diseases and disorders 
of the digestive system in pregnancy ; (xxiv) diseases of the circulatory system ia 
pregnancy ; (xxv) diseases of the circulatory system (continued) ; (xxvi) diseases 
of the nervous system in pregnancy ; (xxvii) diseases of the nervous system 
(continued) ; (xxviii) diseases of the nervous system (continued) ; (xxix) diseases 
of the ductless glands in pregnancy ; (xxx) diseases of the ductless glands in 
pregnancy (continued); (xxxi) diseases of the respiratory system in pregnancy ; 
(xxxii) diseases of the urinary tract in pregnancy ; (xxxiii) affections of the skin 
in pregnancy ; (xxxiv) tumours complicating pregnancy, labour and the puer- 
perium ; (xxxv) venereal diseases in pregnancy ; (xxxvi) the uses and value of 
radiology in obstetrics; (xxxvii) postnatal care. Appendix A. Antenatal 
record. Appendix B. Discharge form. Appendix C. Postnatal record. 
Appendix D. Medicinal induction of labour. Appendix E. Rhesus factor 
record. Appendix F. Food list for low salt diets. Appendix G. High protein 
diet. Index. : 

Professor Browne’s well-known textbook, which was 
first published 1935, has reached its 6th edition, and now 
the standard British work the subject. 

The text has been thoroughly revised throughout. Alteration 
has been found necessary chiefly the chapters erythro- 
blastosis and the factor, placenta praevia, the toxaemias 
late pregnancy, and that venereal disease pregnancy, 
bring them into line with recent advances knowledge. 
Short sections have been added acroparaesthesia, angular 
pregnancy and the influence rubella and other infectious 
diseases causing congenital abnormalities. The chapter 
radiology obstetrics has again been revised Professor 
Chassar Moir. 
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Sternal Puncture: Method Clinical and Cytological 
Investigation 


WILLIAM HEINEMANN (MEDICAL BOOKS) LTD., 1946. 
PAGES ILLUSTRATIONS. 15cm. 15s. [£0.75] 


(i) The myelogram ; (ii) the marrow in leucaemia ; (iii) leucaemoid reactions 4 
(iv) neoplastic and allied conditions of the bone marrow ; (v) the anaemias ; 
(vi) erythraemia and allied states ; (vii) infective diseases ; ‘(viii) hypoplasia and 
aplasia of the bone marrow ; (ix) some protozoal diseases ; (x) the technique of 
sternal puncture. Index. 


The third edition this monograph has been completely 
revised and enlarged the light the latest findings bone 
marrow study. provides for the student convenient review 
the information which scattered throughout the literature. 
The illustrations have been revised, and now consist 
coloured and one black and white plates, provided visual 
guide the use sternal puncture clinical pathology. 
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Guide the Journals 


Annals Eugenics 
November 1946 


Records of eye colours for British populations and a description of a new eye- 
colour scale. (J. Grieve & G. M. Morant) 161-171 

The inheritance of premature baldness in men. (H. Harris) 172-181 

A — to the genetics of hair colour in man. (C. D. Lee & L. S. Penrose) 

Orthogonal partitions of the 6 x 6 Latin squares. (D. J. Finney) 184-196 

The interaction of nature and nurture. (J. B. S. Haldane) 197-205 

A further note on polydactyly in mice. (S. B. Holt & M. E. Wright) 206-207 


Annals the Rheumatic Diseases 
June 1946 


The management of chronic arthritis and other rheumatic diseases among soldiers 
__ of the United States army. (P.S. Hench & E. W. Boland) 106-114 
ea rheumatic diseases in the world war 1939-1945. (W.S. C. Copeman) 
a diseases from the services in E.M.S. hospitals. (C. W. Buckley) 
Acute rheumatism. (J. A. Glover) 126-130 

Lesions in muscle in arthritis. (H. J. Gibson, G. D. Kersley & M. H. L. Desmarais) 


131-138 
Biochemical Journal 
Partial Index 
1946 


Studies on diffusing factors. 1. The kinetics of the action of hyaluronidase from 
various sources upon hyaluronic acid, with a note upon anomalies encountered 
in the estimation of N-acetyl glucosamine. (J. H. Humphrey) 435-441 

Studies on diffusing factors. 2. The action of hyaluronidase preparations from 
various sources upon some substrates other than hyaluronic acid. (J. H 
Humphrey) 442-445 

The po ographic estimation of steroid hormones. 1. Polarography of neutral 
17-ketosteroids in urinary extracts. (J. Barnett, A. A. Henly & C. J. O. R. 
Morris) 445-449 

The polarographic estimation of steroid hormones. 2. Polarography of related 
steroid hydrazones. (J. Barnett & C. J. O. R. Morris) 450-453 

The effect of phytic acid on the absorption of calcium and phosphorus. 2. in 
infants. (E. Hoff-Jorgensen, O. Andersen, H. Begtrup & G. Nielsen) 453-454 

The quantitative separation of trivalent from pentavalent arsenic derivatives on 
the micro scale. (T. B. B. Crawford & G. A. Levvy) 455-458 

The interdependence of the vitamins. Vitamin B, and riboflavin. (M.C. A. Cross, 
J. Embleton & K. H. Coward) 458-460 

The metabolism and functioning of vitamin-like compounds. 3, Products of the 
decomposition of glutamine during streptococcal glycolysis. (H. Mclilwain) 


The thyrotrophic hormone, thyroxine and ascorbic acid in relationship to the 
liver glycogen of guinea-pigs. (M. G. Crabtree & V. M. Trikojus) 465-470 
The basic amino-acid content of proteins. (H. T. Macpherson) 470-481 
Studies on the metabolism of semen. 3. Fructose as a normal constituent of 
seminal plasma. Site of formation and function of fructose in semen. 
(T. Mann) 481-491 
Paim-oil carotenoids. 5. Examination of ‘ Sese™ palm oils. (R. F. Hunter & 
_R. Krakenberger) 492-493 
Lipotropic factors and the fatty liver produced by feeding cholesterol. (J. H. 
Vitamin A in the horse. (M. N. Rudra) 500-S01 
The mineral constituents bone. The effect prolonged parathormone 
injections on the composition of the bones of puppies with varying calcium 
intakes. (C. M. Burns & N. Henderson) 501-507 
Observations upon the relation between sulphydryl groups and pyruvate oxidation 
in brain tissue. (R. A. Peters & R. W. Wakelin) 513-516 
An analysis of the inhibition of pyruvate oxidation by arsenicals in relation to the 
enzyme theory of vesication. (R. A. Peters, H. M. Sinclair & R. H. S. 
Thompson) 516-524, 
The effect of arsenical vesicants on the respiration of skin. (R. H. S. 
Thompson) 525-529 
British anti-lewisite. 1. Arsenic derivatives of thiol proteins. (L. A. Stocken & 
R. H. S. Thompson) 529-535 
British anti-lewisite. 2. Dithiol compounds as antidotes for arsenic. 
(L. A. Stocken & R. H. S. Thompson) 535-548 
British anti-lewisite. 3. Arsenic and thiol excretion in animals after treatment 
of lewisite burns. (L. A. Stocken & R. H. S. Thompson) 548-554 
The effect of phytic acid on the absorption of calcium and Phosphorus. 3. In 
children. (BE. Hoff-Jorgensen, O. Andersen & G. Nielsen) 555-557 
Effects of vitamin A deficiency in the rabbit. 1. On vitamin C metabolism. 
2. On power to use preformed vitamin A. (A. Pirie & C. Wood) 557-560 
The influence of adrenalectomy on muscle constituents. (E. J. Conway & 
D. Hingerty) 561-568 
The nucleoprotein content of fibroblasts growing in vitro. 3. The use of defatted 
© availability of histidine derivatives for growth. (A. N . A 
Webster) 576-580 
The identification of amino-acids derived from cystine in chemically modified 
wool. (R. Consden, Gordon Martin) 580-582 
The influence of hydrolysates of hyaluronate upon hyaluronidase production by 
micro-organisms. (H. J. Rogers) 583-588 
On phytic acid, its importance in metabolism and its enzymic cleavage in bread 
supplemented with calcium. (H. Mopligaard, K. Lorenzen, I. G. Hansen & 
P. E. Christensen) 589-603 
Ox-spleen B-giucuronidase ; its purification and a study of some factors involved 
iM assaying its activity. (A. F. Graham) 603-607 
The effect of feeding cholesterol without fat on the plasma-lipids of the rabbit. 
The role of cholesterol in fat metabolism. (G. Popjak) 608-621 
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June 1946 
Occlusion of the basilar artery—a clinical and pathological study. (C.S. Kubik & 
Anosognosia and disorders body scheme. (P. Sandifer) 122-137 
a unconsciousness : the so-called laryngeal epilepsy. (A. F. Rook) 
The effect rupture the perineurium the contained 
(S. Sunderland) 149-152 


September 1946 

Subdural haemorrhage, cysts and false membranes : illustrating the influence of 

factors disease when development the body (K. Inglis) 
| 

Fibre connections of the subthalamic region and the centro-median nucleus of 
the thalamus. (P. Glees & P. D. Wall) 195-208 

Nutritional neuropathies in the civilian internment camp, Hong Kong, January 
1942-August 1945. (D. A. Smith) 209-222 z 

Meningitis carcinomatosa : a report on two cases. (G. J. Dixon, A. S. Kerr & 
Sharp) 223-232 


British Dental Journal 
6/9/46 


The in vitro rate of acid production from saliva-carbohydrate mixtures. 
Clement) 145-150 
Increasing dental man-power. (G. L. Roberts) 150-153 


20/9/46 
The seme between orthodontics and general dental practice. (K. C. Smyth) 
179-19: 
Some observations on trismus in relation to maxillo-facial surgery. (G. S. Loader) 


193-196 
4/10/46 
Penicillin in dental and oral surgery. (A. C. W. Hutchinson & R. C. Low) 211-221 
Tne early diagnosis of cancer of the mouth. (E. D. D. Davis) 221-223 


18/10/46 
Some recent research into dental amalgams at the R.A.F. Institute of Aviation 
Medicine, Farnborough, Hants. (W. Hervey) 245-255 


1/11/46 
Certain post-operative complications of extraction of the lower third molar. 


(T. Henry) 275-287 
15/11/46 


The cause of dental caries. (C. F. L. Nord) 309-316 

Dr. L. S. B. Leakey’s discovery of fossil anthropoid mandibles from the Lower 
Miocene of Kenya. (A. T. Marston) 316-320 

Surface anaesthesia of the mucous membrane. (J. Angelman) 320-321 


29/11/46 
The cause of dental caries. (C. F. L. Nord) 347-358 
Chairman’s address at the opening of the fifty-first session of the Dental Board 
of the United Kingdom. (E. W. Fish) 359-362 
Acrylic finger prosthesis. (W. Rotherham & L. Walton) 362-363 
An unusual case of “ natural apicectomy.” (T. D. Birtwhistle) 363-364 


13/12/46 
One-stage technique for acrylic cranial prostheses. (B. W. Fickling) 381-385 
-— <a and chromatic characterisations in acrylic teeth. (E. A. Scher 
385-391 


British Journal Dermatology and Syphilis 


September-October 1946 
A clinical study of sulphonamide dermatitis. (B. Phillips) 213-227 
inquiry into the social background of convicted women at Holloway prison 
infected with venereal diseases. (K. Edkins) 228-235 
A case of allergy to phenylhydrazine. (B. Solomons) 236-237 


November-December 1946 
Preliminary report of a dermatosis due possibly to mepacrine : a description o 
26 cases seen in Italy. (G. A. G. Peterkin & H. C. Hair) 263-271 
Tropical lichenoid dermatitis. (A. Bigham) 271-273 
Degeneratio colloidalis cutis solaris: purpura solaris. Etiologic and clinical 
considerations. (C. Berlin) 274-279 
Traumatic marginal alopecia due to traction on the hair. (O. G. Costa) 280-286 
Haemolytic streptococcal infection in dogs. (T. Hare) 286-291 
The mode of penetration of the skin by mustard gas. (H. Cullumbine) 291-294 
The °c of anti-gas ointments into skin. (H. Cullumbine & H. F. Liddell) 


The incidence of clinical acne in men. (H. A. W. Forbes) 298-300 


British Journal Experimental Pathology 
August 1946 


The effect of the administration of p-dimethylaminoazobenzene on the ovarian 
functions of rats. (C. Hoch-Ligeti) 211-219 
the detoxication the labile rickettsia toxin. (L. Olitzki Buechler) 
0-2 


Spontaneous crystallization of a protein from pathological human serum, 
(B. Shapiro & E. Wertheimer) 225-227 

Modification of human red cells by virus action. I. The receptor gradient for 
ae canon in human red cells. (F. M. Burnet, J. F. McCrea & J. D. Stone) 

Modification of human red cells by virus action. II. Agglutination of modified 
human red cells by sera from cases of infectious mononucleosis. (F. M. Burnet & 
S. G. Anderson) 236-244 

Modification of human red cells by virus action. ILI. A sensitive test for mumps 
antibody in human serum by the agglutination of human red cells coated with 
a virus antigen. (F. M. Burnet) 244-247 

The thyrotrophic hormone and thiourea in reference to the problem of “ anti 
hormones”. (M. T. McQuillan & V. M. Trikojus) 247-261 

An electron microscope study of the contents of hair cells from leaves diseased 
with tobacco mosaic virus. (G. Oster & W. M. Stanley) 261-265 
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October 1946 

The antigenic function of simple chemical compounds: production of i prosigttion 
in rabbits. (P. G. H. Gell, C. R Harington & R. P. Rivers) 267-286 

ee antibody in human antisera to Sh. shiga and S. typhi. 

J. Morgan & H. Schiitze) 286-293 

Studies on experimental goitre. VII: Thyroid carcinomata in rats treated with 
thiourea. (H. D. Purves & W. E. “Griesbach) 294-297 


The effects of lewisite and of lewisite oxide on living cells in vitro. (H. B. Fell & 
Allsopp) 305-309 

The therapeutic effect of British anti-lewisite Ay on tissue cultures grown 
in a medium containing lewisite oxide. (H. B. Fell & C. B Lys a 310-315 

The state of vitamin A in human a. (H. Hoch & R. Hoch) 31 328 

Electron-microscopy of viruses. State of en of tobacco mosaic virus. 

a 4 changes in muscle during and after _ a (M. G. Macfarlane & 

S. J. L. Spooner) 339-348 


British Journal Ophthalmology 


September 1946 
Nineteenth-century provincial eye hospitals (with special reference to those no 
longer extant). (A. Sorsby) 501-546 
Bilateral symmetrical cystic detachment of the retina. (H. B. ae "a. 548 
Pterygium : its nature and a new line of treatment. (S. Kamel) 549-56 


October 1946 
The incidence of trachoma in the Southern Highlands Province of Tanganyika. 
(H. Reed) 573-580 
Cornea) vascularisation in chronic --. (P_ A. Gardiner) 581-589 
Iridencleisis—a modification. (D. P. Smith) 589-590 
and penicillin in the treatment of (F. S. Lavery) 
Bilatera) detachment of the choroid of unusual duration following corneo-scleral 
trephine. (A. BE. P. Parker) 595-600 
Ophthalmic experiences in the Royal Air Force. (F. R. Neubert) 601-606 
Sattler’s veil. (J. Dallos) 607-613 
Conjunctival findings in cases of cold haemagglutination. (S. Gérdiiren) 613-616 
Egypt's contribution during the war to protection against disease through care of 
eyes of babies. (F. Massoud) 617-622 
Proptosis—differential diagnosis. (F. Massoud) 622-630 


November 1946 

Middle East adaptometer. (W. H. Wilson) 645-657 

Ophthalmology in lectures of a century ago. (R. R. James) 658-659 

Some historical notes on spectacles and on beryllus. (G. ten Doesschate) 660-664 

Plastic restoration of upper lid and socket. (J. Luc) 665-668 

Surgical anatomy of the facial nerve : with reference to the technique of orbicularis 
block (palpebral akinesia). (M. Klein) 668-675 

Certain operations on the superior oblique. (J. Foster) 676-682 

Inflammatory jugular phlebostenosis as the cause of glaucoma exogenicum. 
(O. Meyer) 682-688 

> in internees at a civilian interment camp at Hong Kong. (H. Talbot) 


Bilateral partial coloboma of the optic nerve. (J. A. ay 692-696 
Deposition of mercury in the eye. (I. Abramowicz) 696-697 


British Journal Pharmacology and Chemotherapy 
September 1946 


The pharmacology of basic esters of any carboxylic acids. (M. R. A. Chance, 
P. Dirnhuber & F. A. Robinson) 153-16: 

The testing of drugs against cxoerythrocytic forms of P. gallinaceum in tissue 
culture. (I. M. Tonkin) 163-173 

Experimental diabetes: the effect of ligation of the ey duct upon the 
action of alloxan in rabbits. (A. L. Walpole & J. R. M, Innes) 174-185 

Actions of cyanate. (K. M. Birch & F. Schutz) 186-193 


The action of mersalyl, calomel and theophylline sodium acetate on the kidney 
of the rat. (S. B. Dicker) 194-209 


Method for the estimation of barbituric and thiobarbituric acids in biological 
materials. (J. Raventés) 210-214 


Kemithal : a new intravenous anaesthetic. (H. C. Carrington & J. Raventdés) 
215-224 


British Journal Physical Medicine and Industrial Hygiene 


September-October 1946 
nee after injuries to the spinal cord and cauda equina. (L. Guttmann) 


Medical rehabilitation. (C. J. S. O’Malley) 137-145 


Susceptibility to colds : an experimental investigation amongst factory workers. 
(J. Stock) 145-150 


Aerosols : new light on some problems of disinfection. (G. L. Robinson) 151-154 


British Journal Radiology 


September 1946 


Dose measurement in beta-ray therapy. (G. W. Blomfield & F. W. Spiers) 
349-356 


Dose measurements with radium beta-ray applicators. (G. J. Neary) 357-367 
Nese units for the measurement of radioactivity. (E. U. Condon & L. F. Curtiss) 


Pyridoxine in treatment of radiation sickness. (L. M. Shorvon) 369-370 
Moscow’s X-ray services. (R. Golonzko) 371 


Radiological of regression of retro-peritoneal Hodgkin’s disease. 
(H. Cohen) 372-37. 


ileo-ileal the adult (case report). (E. Tiscenco) 


Wrist injuries service patients. (F. Pygott) 381-382 
The X-ray appearances of pharyngeal palsy, (B. Mannheimer) 383-387 
Leontiasis ossea. (W. Tennent) 388-391 
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October 1946 

The response of Tradescantia pollen grains to radiation at different dosage-rates. 
(P. Koller) 393-404 

X-ray therapy with a continuously rotating beam. Part (1). Apparatus and asso- 
ciated physica! problems. (R. J. Munson) 405-419 R 

— diagnosis of lumbar intervertebral disc lesions. (H. W. Gillespie) 


A case of intersigmoid hernia with illustrations of X-ray appearances. 
(G. Gotlieb) 429-431 

Radiological investigation of a case of pedal hyperphalangism and supernumerary 
phalangeal epiphysis. (R. O’Ruhilly) 432-434 


November 1946 
ay oe in ventriculography of tumours below the tentorium. (E. Lysholm) 
Roentgen’s discovery of X rays: their application to medicine} and surgery. 
(J. F. Brailsford) 453-461 
Pelvigraphy. (D. Jefferiss & E. Samuel) 462-468 P 
Visualization of foreign bodies of low radio-opacity. (B. Mannheimer) 469-470 
Aspiration bronchography. (D. C. Ritchie) 471-473 
Giant-cell tumours (osteoclastomata) with report of a case in the patella. 
(L. M. Shorvon) 474-476 
A calculator for linear radioactive sources. (F. S. Stewart) 477-480 


British Journal Surgery 


October 1946 

Endometriosis : a surgical problem. (D. Macleod) 109-116 ; 

Some recent advances in pancreatic and biliary tract surgery: including some 
case reports. (T. M. J. d’Offay) 116-127 

The excision and repair of deep thermal necrosis. (O. T. Mansfield) 128-130 

Reconstructive surgery of the hand: with special reference to digital trans 
plantation. (A. R. Murray) 131- 140 

Myelography in lumbar intervertebral disk lesions : a correlation with operative 
findings. (A. C. Begg, M. A. Falconer & M. McGeorge) 141-157 

A concept of paralytic ileus: a clinical study. (J. Devine) 158-179 

Reconstruction of biceps brachii by pectoral muscle transplantation. (J. M. P. 
Clark) 180-181 

Triplicate ureter. (I. Smith) 182-185 

The surgical anatomy of the parotid gland. (F. R. Hurford) 186-187 

— a of the ureter. (H. E. Harding, J. L. A. Grout & H. B. Yates) 


Cystoscopy in the diagnosis and treatment of Bilharzia haematobium infection. 

(W. H. Kirkaldy-Willis) 189-194 
Thyrotoxicosis as a surgical problem. (J. D. Robertson) 194-205 
In memoriam. Arthur Tudor Edwards (1890-1946) 206-207 


British Journal Tuberculosis and Diseases the Chest 


July 1946 
The relationship between primary and adult tuberculosis. (H. J. Ustvedt) 85-92 
The relationship between primary and adult pulmonary tuberculosis. 
(S. R. Gloyne) 93-98 
Detection tubercle bacilli the fluorescence technique. (J. Clegg 
A. F. Foster-Carter) 98-105 


October 1946 
Broncho-pulmonary abnormalities. (A. F. Foster-Carter) 111-124 
Tropical eosinophilia or pulmonary acariasis. (G. A. M. Hall) 124-129 
Bronchi.! carcinoma in a case of pulmonary tuberculosis soos artificial 
pneumothorax treatment. (D. Fulton & C. Rolleston) 129-133 
A case of spontaneous perforation of the oesophagus. (K. D. Foggitt) 133-134 


British Journal Venereal Diseases 


September 1946 

Arsenical encephalopathy. review the literature with report further 
187 cases. (E. E. Prebble) 93-101 

Current trends the treatment venereal disease the United States America. 
(R. R. Willcox) 102-111 

Treatment of neurosyphilis. R comparison between malaria plus tryparsamide 
and malaria therapy. (W. D. Nicol) 112-121 

Changes in the cerebrospinal fluid in neurosyphilis after malaria therapy. 
(M. Whelen) 121-134 


British Medical Journal 
14/9/46 


Postgraduate education and the national health service. (F. Fraser) 353-357 

Some principles the selection medical students. (D. Smyth) 357-367 

Analysis of results of a test given at University College, London, for the selection 
of women medical students for the session 1945-6. (J. S. Wilkie) 367-369 

The Medical Council of India. (A. H. Butt) 369-372 

Examinations : meditations on a painful theme. (Ff. Roberts) 380-382 


21/9/46 

The incidence, incubation period, and symptomatology a homologous serum 
jaundice. (N. Spurling, J. Shone & J. Vaughan) 409-4 

Post-operative activity and resumption of normal a : their influence on 
embolism and thrombosis. (G. Fitzgibbon) 413-416 

Inability to work in a tropical climate. (H. J. Trenchard) 416-418 

The faeces in sprue. (D. A. K. Black, P. Fourman & P. Trinder) 418-420 

The world health organization. (M. D. Mackenzie) 428-430 


28/9/46 
Some - errors in regard to goitre. (J. W. Linnell, G. Keynes & J. E. Piercy) 


Asthma childhood. (T. Fisher) 452-454 

Perforation of the ileum in enteric fever. Notes on 22 consecutive cases. 
(G. BE. Dunkerley) 454-457 

Amoebiasis in Itely. (G. W. Hayward) 457-459 

A case of hydatidiform mole at age 52. (A. H. Charles) 460 ; 

Conditions desirable for the rapid progress of gerontological research 
(V. Korenchevsky) 468 
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5/10/46 

Medical experiences in Japanese captivity. (E. E. Dunlop) 481-486 

Haemoglobin and protein levels and spleen incices in N. Greece. Their reiation 
to diet. (H. Foy, K. Retter, C. Damkas, M. Depanian, V. Mitchell & 
Pitchford) 

= into certain tongue changes in British troops. (B. H. Smith) 

+ oo Review of 500 cases from western Europe. (E. M. Brooke) 

Abacterial pyuria presenting as “ urethritis”. (A. B. Fieldsend) 493-494 


12/10/46 
nee bevy after Morton. A historical survey of anaesthesia. (E. A. Underwood) 
Recent advances in anaesthesia. (C. L. Hewer) 531-532 
Theories of anaesthetic action. (J. H. Burn & H. G. Epstein) 533-535 
John Snow—anaesthetist and epidemiologist. 535 
The history and development of anaesthetic apparatus. (A. C. King) 536-539 
Anaesthesia through the eyes of a poet. (G. Liddle) 539-540 
Republications from Provincial Medical & Surgical Journal, 1847. 540-543 


19/10/46 

Teeth of 5-year-old London school-children. (Second study.) A comparison 
between 1929, 1943, and 1945. (M. Mellanby & H. Coumoulos) 565-570 

A case of Addison’s disease successfully treated by a graft. (L. R. Broster & 
H. Gardiner-Hill) 570-572 

Lymphocytic choriomeningitis. (B. R. Sreenivasan) 573-575 

Pathogenicity of group  (Lancefield) haemolytic 
(R. I. Hutchinson) 575-576 

Chemical warfare experiment using human subjects. (H. Cullumbine) 576-578 

Imprisonment under the Japanese. (A. P. Curtin) 585-586 


26/10/46 
The blood group Rh. Part I. A review of the antigenic structure and serological 
reactions of the Rh subtypes. (D. F. Cappelli) 601-605 
oe of cervical mucus to spermatozoa. (M. Barton & B. P. Wiesner) 


streptococcus. 


Acute osteomyelitis of lumbar spine in an adult. (H. Freeman) 610 
Nicotinamide deficiency after oral administration of penicillin. (P. Ellinger & 
Shattock) 611-613 
Work of the Government Lymph Establishment, July, 1898, to June, 1946. 
Fremlin) 613-614 
2/11/46 


Psychical seizures. (W. Penfield) 639-641 

The blood group Rh. Part II. Clinical applications in transfusion therapy and 
in haemolytic disease of the newborn. (D. F. Cappell) 641-647 

The fenestration operation for otosclerosis. (I. S. Hall) 647-649 

Pituitary hypothyroidism with impaired renal function. (R. A. Miller) 650-651 

Incidence of ulcer in haematemesis. (E. H. Cluer) 651 


9/11/46 

Tetra-ethyl lead poisoning. (D. A. K. Cassells & E. C. Dodds) 681-685 
Post-penicillin jaundice. (R. R. Hughes) 685-688 
Pyogenic osteomyelitis of the spine. (P. Martin) 688-691 
Treatment of osteoarthritis by lactic acid injection. (R. Mawson) 691-693 
Disappearance of secondary sarcomatous deposits in tne lungs after stilboestroi 

therapy. (J. G. Roberts) 693-694 
Morale in battle. (Field-Marshal Viscount Montgomery) 702-704 


16/11/46 

Pure penicillin in ophthalmology. (A. Sorsby & J. Ungar) 723-731 

ew treatment of acute puerperal mastitis. (M.D. Taylor & S. Way) 

Use of © benadryl ” for penicillin urticaria : preliminary report. (R. R. Willcox) 

Congenital patency of the foramen ovale cordis, with sudden death during 
exercise tolerance test. (C. E. Lumsden) 734-735 

The cough syrup. (E. M. Boyd) 735-736 


23/11/46 

Physiological rest. With special reference to arthritis and nerve lesions and to 
the manufacture of appliances. (N. Capener) 761-766 

Effect of certain social conditions on the health of school-children. (E. R. Bransby, 
J. L. Burn, H. E. Magee & D. M. MacKecknie) 767-769 

The evaluation of barrier creams. (C. G. A. Sadler & R. H. Marriott) 769-773 

An aid to the measurement of venous filling in the neck in congestive heart 
failure. (A. W. D. Leishman) 773-774 

Coronary disease. Passages from the Harveian oration. (M. Cassidy) 782-784 

Deficiency neuropathies observed in Madrid during the civil war (1936-9). 


(M  Peraita) 784 
30/11/46 

a ed of tuberculosis: research during the past 100 years. (P. D’A.Hart) 
Weil’s disease : a rare condition? (K. Robertson) 810-813 
An unusual case of Weil’s disease. (H. Jackson & S. Oleesky) 813-814 
Gravity drainage in the prone position in treatment of digestive fistulae of the 

abdominal wall. (D. H. Patey, J. H. L. Ferguson & M. D. Exley) 814-815 
A case of cerebral malaria in Great Britain. (J. B. Ryder & R. T. Towson) 815-816 
Kala-azar with onset of symptoms in Great Britain. (A. Feldman) 816-817 
Some American ideas on venereal disease control. (R. R. Willcox) 825-827 


7/12/46 

Treatment of breast abscesses with penicillin. (M. E. Florey, J. S. MacVine & 

Chemotherapy of tuberculosis : research during the past 100 years. Part Il. The 
sulphonamides and sulphones. (P. D’A. Hart) 849-855 

Ambiguous inhibition of staphylococci by penicillin inactivated with penicillinase. 
(R. Hunwicke) 855-856 

Mesenteric occlusion: a review of recent methods of treatment, with notes on 
six instances. (H. M. Williams) 856-857 

Reiter’s disease. (C. R. Baxter) 858 

oS of B.M.S. huts for children’s wards. (W. F. Gaisford & C. H. Elkins) 
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14/12/46 
ae ae a hysteria : experimental production by treated flour. (E. Mellanby) 
— in the treatment of congestive heart failure. (E. P. Sharpey-Schafer) 
8 9 


Diagnosis of chronic dysentery in service personnel : analysis of 1,000 sigmoido- 
scopies. (T. C. Morton) 890-893 : 

Prevention of infant deaths: liaison between hospitals and home services. 
(J. Lewis) 893-895 

Observations on vascular injuries: with special reference to the value of 
sympathectomy in ligation of main vessels. (A. M. Boyd) 895-896 

A case of primary agranulocytic angina. (I. M. Librach & R. G. Cronin) 897-898 

The effect of d-tubocurarine chloride on sensation in man. (J. H. Kellgren, 
A. J. McGowan & D. R. Wood) 898 


21/12/46 
A survey of the outcome of 20 cases of H. influenzae meningitis related to bacterial 
type. (K. Zinnemann) 931-936 
Infections of the nervous system occurring during an epidemic of influenza B. 
(A. Leigh) 936-938 
Allergic reactions to penicillin. (A. I. Suchecki) 938-940 
Neuromyelitis in mumps. (R. E. Church) 941 — 
Conservative treatment of acute perforated peptic ulcer. 
Inoculation experiments against typhus in Afghanistan. 
Medicine in Dachau. (H. Rosencher) 953-955 


28/12/46 
Tuberculosis in industry. (F. Heaf) 975-979 
combustion engine and the spread disease. 
979-98 
Abacterial pyuria: with special reference to infection by spirochaetes. 
(W. E. Coutts & R. Vargas-Zalazar) 982-983 
Peripheral nerve injuries : recent progress in treatment. (T. B. Mouat) 983-986 
Acute appendicitis in the aged. (D. G. Simpson) 986-987 
Haematological heresy. (R. R. Bomford) 996-998 


Bulletin Hygiene 
September 1946 


Vaccination against smallpox. A critical review of the present position. 


(J. P. Marsden) 555-563 
October 1946 
A critical review of recent literature. 


(A. H. Visick) 941-944 
(Z. Berke) 944-945 


(G. M. Findlay) 


Serum tests for syphilis. 


(T. BE. Osmond) 
627-636 


Bulletin War Medicine 


August 1946 
Epilogues : I. (E. Mellanby) 495-496. II. (C. Wilcocks) 496-497 


Clinical Science 


Anatomical changes in the liver after trauma. (E. G. L. Bywaters) 19-39 
Effects of venesection in low output heart failure. (S. Howarth, J. McMichael & 
E. P. Sharpey-Schafer) 41-50 5 
ae ee on the headache accompanying fever. (R. B. Scott & R. P. Warin) 
Observations on the mechanism of pain in ulcer of the stomach and duodenum. 
row 1.—The nature of the stimulus. (G. L. W. Bonney & G. W. Pickering) 
3-89 
Observations on the mechanism of pain in ulcer of the stomach and duodenum. 
Part I1.—The location of the pain nerve endings. (G. L. W. Bonney & G. W. 
Pickering) 91-111 
The use of a portal anastomotic vein for absorption studies in man. (S. Sherlock & 
V. Walshe) 113-123 


In memoriam. (G. W. P.) 
= infants’ skin to diphtheria toxin. 
13-1 


Dental Record 
September 1946 
Trichlorethylene and dental analgesia. (E. A. Scher) 213-230 
“ Fifty years ago.” (J. A. Woods) 231-234 


October 1946 
Orthodontics and common sense (Part II). (L. R. Marsh) 241-256 
A case of myxoedema. (F. G. Salomon) 257-258 


Edinburgh Medical Journal 


August 1946 
The sensitivity of bacteria to the action of penicillin. (J. P. Duguid) 401-412 
Wartime advances in medicine which might be translated into civil practice. 
The problem of bacterial variability and the origin of infectious disease. 
(W. Levinthal) 429-443 
Rheumatic encephalopathy. (D. Leys) 444-449 
A case of blackwater fever observed in Britain. (H. Diugosz) 450-457 


September 1946 


> ie manifestation of tuberculosis. (C. Cameron & E. K. Dawson) 


Some observations on functional heart disease. (I. G. W. Hill) 485-497 

Ear-pit (congenital aural and pre-auricular fistula). (I. Aird) 498-507 

Tuberculosis in Sutherland, with special reference to surgical tuberculosis. 
(B. Simpson) 508-519 

Some memories of the old City Hospital and of Dr. Claude Buchanan Ker. 
(C. C. Easterbrook) 520-525 


October 1946 
The spread of infective hepatitis and poliomyelitis in Egypt. (C. E. van Rooyen & 
Kirk) 529-543 
Some aspects of a plastic surgery unit. (A. B. Wallace) 544-554 
Observations on treatment of fractures of the femur. (E. A. Jack) 555-564 
A dietary survey of pregnant women and school children in Edinburgh. 
(M. H. Roscoe & H. S. McKay) 565-573 
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Carbohydrate metabolism in obesity. (Z. Godlowski) 574-582 
Pulmonary mycosis. (T. G. Brown) 583-586 


Journal Anatomy 
October 1946 


Studies on the parathyroid of the mouse. 2. Some observations upon the post- 
natal cytological development of the normal gland, with particular reference 
to its mitotic activity and Golgi elements. (C. L. Foster) 171-178 

— —_— and the functional anatomy of the carpus. (R. O’Rahilly) 

The plane of fracture of the caudal vertebrae of certain lacertilians. (C. W. M. 
Pratt) 184-188 

Spiral nerve endings in the extrinsic eye muscles of man. (P. Daniel) 189-193 

Development of the egg of the cow up to the stage of blastocyst formation. 

silver method for staining paraffin sections the nervous system. 
(G. J. Romanes) 205-206 

A technique for the preservation of animals for the study of joint movement and 
for routine dissection. (C. W. Ottaway) 207-208 

Patent foramen ovale and ductus arteriosus in a lion cub. (K. J. Franklin) 209 

The laxator tympani muscle. (E. W. Walls) 210 


Journal Hygiene 


September 1946 

Studies in the dynamics of disinfection. VII. The reaction between pheno! and 
Bact. coli: the effect of temperature on the usually accepted concentration 
exponent and the calculation of a more satisfactory exponent based on 
theoretical considerations. (R. C. Jordan & S. E. Jacobs) 421-429 

ica findings in enteric group fevers in the Middle East forces. (J. C. Dick) 

Schick reactions in recently confined women and their new-born infants. 
(T. M. Vogelsang & B. O. Kryvi) 437-441 

The in vitro action of disinfectants and the application of CTAB in the contro) 
of Str. agalactiae mastitis. (D. L. Hughes & S. J. Edwards) 442-450 

The significance of volatility and water solubility in disinfection processes. 
(C. C. Twort, L. J. White & A. H. Baker) 451-462 

Quantitative study of the sterilization of bacteria by mercuric compounds. 
(J. Loureiro Lito) 463-470 

The size and the duration of air-carriage of respiratory droplets and droplet- 
nuclei. (J. P. Duguid) 471-479 

Diarrhoea and enteritis amongst infants in the London area, 1930-8. (G. Payling 
Wright & H. Payling Wright) 480-490 

Feeding and breeding of laboratory animals. I. Rat and mouse cubes, and cube 
containers. (A. S. Parkes) 491-500 

Feeding and breeding of laboratory animals. II. Growth and maintenance of 
rabbits without fresh green food. (H. M. Bruce & A. S. Parkes) 501-507 

Effect of continuous aeration on bacterial oxidation of orgamic matter. 
(L. Allen Eden) 508-517 

Endemic pellagra in Northern Portugal. (A. M. Monteiro, H. Coutinho, G. J. Janz 
Loureiro) 518-525 


Journal Laryngology and Otology 
February 1946 


Contributions to functional pathology. IV. Clinical notes on progressive 
congenital deafness. (F. Kobrak) 49-91 

Temporary deafness due to gunfire. (N. E. Murray & G. Reid) 92-130 

Herpes Zoster Oticus—(with own case notes). (G. Morey) 131-138 


March 1946 
A new method of testing the hearing efficiency of aviation candidates. (E. D. D 
Dickson, J. F. Simpson, D. B. Fry, G. E. Swindell & R. E. C. Brown) 139-203 
Some experiments which indicate that the frog’s lagena has an equilibrial function. 
d. P. J. MacNaughtan & W. J. McNally) 203-214 


April 1946 

A suggested method for measuring the attenuation of sound by flying helmets. 
(E. D. D. Dickson, D. B. Fry, G. E. Swindell & R. E. C. Brown) 221-240 

Considerations regarding the secondary after-sensations caused by a stimulation 
of the semicircular canal system. (L. B. W. Jongkees & J. J. Groen) 241-244 

Clinical records. Large extradural abscess in the occipital region secondary to 
mastoiditis. (J. W. S. Lindahl) 245-247 

Observations on the incidence of acoustic trauma in the training of infantrymen. 
(P. S. Meyrick) 248-250 

Clinical note. Urea: a useful agent in the treatment of suppurative conditions 
of the external auditory meatus and nasal vestibule. (J. L. D. Williams) 251-253 


May 1946 
Pacchionic granulations and brain herniae. (P. G. Gerlings) 261-265 
Epistaxis of sinusal origin. (E. Romero Diaz) 266-272 
Cavernous sinus thrombophlebitis—a report on six consecutive recoveries. 
be xy rhinitis—treatment by submucous injection of phenol. (M. Marks) 
Case of perforating wound of the trachea. (K. B. Bellwood) 285 


June 1946 
The mechanical and anatomical factors the problem: tonsillar foci. 
(G. Révész) 299-305 
On the relationship between radiological appearances and proof-puncture findings 
2 ees cases of infection of the maxillary antrum. (J. C. Ballantyne) 


Journal Mental Science 
October 1946 


“ Experientia docet.” The presidential address delivered at the one hundred and 
fifth annual meeting of the Association on Wednesday, July 17th, 1946. 
(D. K. Henderson) 667-681 

The legal aspects of psychiatry. Crime and punishment. (W. N. East) 682-712 

aspects of the of (L. Penrose) 713-718 
eport on one hundre emale patients treate refrontal leu ‘ 
(C. S. Parker) 719-733 line 
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Laughter in epilepsy, with some general introductory notes. (J. Roubicek) 734-755 

Sleep-walking and sleep activities. (M.N. Pai) 756-765 

a“ dorsal vertebrae in epilepsy and convulsion therapy. (G. Caplan) 

Electrical convulsion therapy in the treatment of epilepsy. (G. Caplan) 784-793 

Indications for the treatment of mental diseases by physical methods, (B. Fernandes 
& P. Polonio) 794-800 

Schizophrenia in the Forces. (G. Garmany) 801-807 

Mental disorder in released prisoners of war. (B. H. Kirman) 808-813 

Psychological aspects of a conscious temporary generalized paralysis. (G. de M. 
Rudolf) 814-816 


Journal Obstetrics and Gynaecology the British Empire 
October 1946 


Regsegioty of the South African negro or Bantu as a parturient. (O. S. Heyns) 

4 9 

The blood in pregnancy. Part I. The haemoglobin level. (M. H. Roscoe & 
G. M. M. Donaldson) 430-439 

Stillbirth and neonatal death: a clinico-pathological study. (M. Evans & 
Smith) 440-452 

Primary carcinoma of the Fallopian tube. (A report of four cases.) (G. Bancroft- 
Livingston) 453-460 

Weather changes and eclampsia. (N. Sapeika) 461-465 


Journal Pathology and Bacteriology 


July 1946 

Shape and motility of bacteria. (A. Pijper) 325-342 ’ 

ee and use of a simple culture medium for leptospirae. (R. D. Stuart) 

The relative importance of the renal and hepatic lesions in experimental 
leptospirosis icterohemorrhagica. (J. A. H. Wylie) 351-358 

The bactericidal power of the blood for the infecting organism in bacteriaemia. 
(O. Khairat) 359-365 

———— changes in the red cells in relation to severe burns, (A. Brown) 

A histopathological study of small lungworm infection in sheep and goats with 
special reference to muscular hypertrophy of the lung. (P. Li) 373-379 

= of a scrub typhus vaccine. (A. Henderson-Begg & F. Fulton) 

Microbic dissociation in C. diphtheriae by the production of daughter colonies. 
(H. S. Carter) 391-398 

Morphological equivalents in polyarthritis rheumatica, periarteritis nodosa, 
transient eosinophilic infiltration of the lung and other allergic syndromes. 
(H. Bergstrand) 399-409 

Pathological changes induced by lewisite and allied compounds. (G. R. Cameron, 
H. M. Carleton & R. H. D. Short) 411-422 é 

~*~ soceent of the pathologyjof some cases of Cl. welchii infection. (A. D. T. Govan) 

The pathology of simple gastritis. (H. A. Magnus) 431-439 

—- of various clostridia by penicillin in human serum. (R. W. N. L. Ross) 
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The absorption of war gases by the nose. (G. R. Cameron, J. H. Gaddum & 
R. H. D. Short) 449-455 

Lower accessory pulmonary artery with intralobar sequestration of lung : a report 
seven cases. (D. Pryce) 457-467 

Monocytic leukaemoid reaction associated with tuberculosis and a mediastinal 
teratoma. (A. Gibson) 469-475 Pe. 

On the estimation of fifty per cent. end-points in serological titrimetry. 
(C.-G, Hedén) 477-481 

Studies on the effect of thiourea and allied substances on the thyroid gland and 
other organs in rats and mice. (R. P. Jones) 483-493 

The effect of penicillin on the tubercle bacillus. (C. N. Iland) 495-500 

The effect of penicillin on the growth of human type M. tuberculosis. (J. Ungar & 
P. Muggleton) 501-504 

Observations on experimental ammonium chloride acidosis. (A. D. T. Govan & 
J. Parkes) 505-515 

Disseminated parenchymatous ossification in the lungs in association with mitral 
stenosis. (A. Elkeles & L. E. Glynn) 517-522 Db 

Biochemical investigations in liver disease: some correlations with hepatic 
histology. (S. P. V. Sherlock) 523-544 

A case of a hitherto undescribed lipoidosis simulating rheumatoid arthritis. 
(G. Graham & A. G. Stansfeld) 545-558 

Turbidimetric assay for penicillin. (C. A. Green) 559-564 

Hyperpiesis with atheromatous obstruction of the renal arteries. (G. T. Cook & 

A complement fixation test for the diagnosis of lymphogranuloma inguinale. 
(H. Landau) 568-571 

Spontaneous abdominal fat necrosis in a mouse. (H. Burrows) 571-572 

The nature of neutrophilic granulation. (G. Discombe) 572-573 ; 

a a of Cl. welchii toxin by skin cells. (G. P. Wright & S. J. Hopkins) 

Anthracosis of the liver. (J. F. Heggie) 575-578 

A motile organism of the pleuropneumonia group. (C. H. Andrewes & 
F. V. Welch) 578-580 

The use of mice in the examination of drugs for chemotherapeutic activity against 
Mycobacterium tuberculosis. (A. R. Martin) 580-585 i? 

Filarial epitrochlear gland. (G. S. W. de Saram & M. V. P. Pieris) 586 

The bone-marrow in normal pregnancy. (S. T. Callender) 586-589 ‘ 

The induction of mammary carcinoma in ‘‘ IF” mice by cutaneous and intra- 
peritoneal administration of methyicholanthrene. (J. W. Orr) 589-592 


Journal Physiology 


105 September 1946 
Hyperpnoea induced by forced breathing. (J. N. Mills) 95-116 
The site of pressor action of the base A, closely allied to /-nicotine, present in 
The appearance of a base, detected by a colour test, in the urine of bitches having 
renal ischaemia. (M. Lockett) 126-137 
The properties and pharmacological action of a base liberated by alkaline 
hydrolysis of normal urine, compared with those of a similar base found free 
the urine dogs with renal ischaemia. (M. Lockett) 
Conduction velocity and myelin thickness in regenerating nerve fibres. (F. K. 
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The production and removal of oedema fluid in the lung after exposure to carbonyl 

chloride (phosgene). (G. R. Cameron & F. C. Courtice) 175-185 
The absorption of fluids from the lungs. (F.C. Courtice & P. J. Phipps) 186-190 
The nucleoproteins of the liver cell demonstrated by ultra-violet microscopy. 
G. N. Davidson & C. Waymouth) 191-196 


Journal the Royal Army Medical Corps 


August 1946 
The treatment of early syphilis in the army. (R. R. Willcox) 51-57 
A series of B.L.A. eye casualties. (R. A. D. Crawford) 58-61 
Malnutrition and chronic sepsis. (J. A. Manifold) 62-69 
™ ecope of morbid anatomy in the army medical services. (C. E. Lumsden) 


Glandular fever, B.A.O.R., 1945. (C. Raeburn) 78-80 
Endemic diarrhoea. (J. A. Boycott) 81-86 


September, 1946 
be forges and functioning of a surgeon in guerilla warfare. (G. Parker) 
Dermatitis caused by shirts in B.L.A. (G. A. Hodgson & F. F. Hellier) 110-117 
A report on two permanently non-motile Salmonella variants. (W. Hayes & 
F. Freeman) 118-123 
Surgery in a general hospital in Japan with the British commonwealth occupation 
force. (J. A. V. Nicoll, A. S. Brown & E, Shephard) 124-132 
Four uncommon abdominal tumours. (A. G. Harsant) 133-141 
The treatment of tropical ulcer. (E. A. Smyth) 141-142 


October 1946 

Reorganization-medical services. (E. A. R. Berkley) 151-155 

Syringe contamination following intramuscular and subcutaneous injections. 
(R. R. Hughes) 156-168 

A reliable method of performing the peridural analgesia. (Robbe) 169-172. 

A note on a disinfestation plant used in a typhus hospital for prisoners of war in 
Germany. (S. G. Cowper) 173-176 

oy safeguard against bilharzia : destroying the parasites. (F.G. Cawston) 

Air evacuation of casualties in South East Asia. (J. T. Robinson) 180-190 


Journal the Royal Institute Public Health and Hygiene 
September 1946 


The chemotherapy of tuberculosis—including the use of streptomycin. Lecture 
No. 1.—The basic considerations of chemotherapy in tuberculosis. (W. H. 


Feldman) 267-288 
October 1946 
The chemotherapy of tuberculosis—including the use of streptomycin. Lecture 
No. 2: An evaluation of the efficacy in tuberculosis of sulfonamides, sulfones 
and certain other substances. (W. H. Feldman) 297-324 


Journal the Royal Naval Medical Service 
July 1946 


Nerve regeneration : observations on motor and sensory recovery in a case of 
injury to the radial nerve. (A. E. de la T. Mallett) 147-166 

Congenital radio-ulnar synostosis. (C. D. Coode) 166-168 

Loose bodies in the shoulder-joint. (J. A. Shepherd) 168-172 

A case of lipodystrophia progressiva of the Laignel-Lavastine-Viard type. 

Blood transfusion as a naval problem. (F. P. Ellis) 178-185 

Insulin therapy in acne vulgaris in tropics. (S. A. Sewell) 185-186 

Racial and geographical variations in the frequencies of the blood groups. 

The leucocyte count in dengue. (A. C. C. Hughes) 194-196 

Primary tuberculosis in young adults. (W. D. M. Brooks) 197-201 

Cleido-cranial dysostosis. (J. K. Maddox) 201-209 

Sciatica. (L. Rogers) 209-211 


Journal Tropical Medicine and Hygiene 


October-November 1946 

Riboflavin deficiency in the West African soldier. (J. Yudkin) 83-87 

The behaviour and feeding habits of anopheline mosquitoes. (J. Yofe & 
D. G. R. Fox) 88-91 

The flocculation test chronic malaria and its relation 
endemicity. (J. G. Makari) 92-94 

The differential diagnosis of hookworm, strongyloides and trichostrongylus : 
with special reference to mixed infestations. (J. M. Watson) 94-98 


Lancet 
14/9/46 

Painful feet prisoners-of-war the Far East: review 500 cases. 

Cruickshank) 369-372 
Folic acid in the treatment of megaloblastic anaemia. (L. S. P. Davidson & 

Confusion of amoeboma with carcinoma. (M. J. Smyth) 376-377 
Gout in leukaemia. (L. M. Shorvon) 378-379 
abscess following intramuscular penicillin. (D. Ebrill Elek) 
Light-weight oxygen mask plastic material. Kent) 380-381 
Picrotoxin in barbiturate overdosage. (T. N. Misir) 381-382 

stay hospital. (F. Gardner Witts) 392-394 


21/9/46 
Penicillin in wound exudates. (M. E. Florey, E. C. Turton & E. S. Duthie) 
405-409 


Coronary occlusion young adults. (M. Newman) 409-411 

we diseases in prisoners-of-war at Changi, Singapore. (R. C. Burgess) 
Blood-groups in bone-marrow. (I. A. B. Cathie) 418-419 

Health education its problems and methods. (W. Kennedy) 427-429 

A visit to Finland. (W. P. Gurassa & F. L. Jackson) 431-432 


28/9/46 
Perforated peptic ulcer treated without operation. (H. Taylor) 441-444 
Sensitivity to penicillin: anaphylaxis and desensitisation. (W. J. O’Donovan & 
I. Klorfajn) 444-446 
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Treatment of infantile pellagra : assessment of the value of protein hydrolysates 
(T. Gillman & J. Gillman) 446-448 
Early ovulation. (S. Sevitt) 448-450 
Empirical tests of liver function. (M. Maizels) 451-454 
Perforation of the aorta by swallowed bones. (M. Haines) 455-456 
5/10/46 
Conducing to the cure: social psychiatry in the treatment of*neurosyphilis by 
induced malaria. (M. Whelen & M. H. Bree) 477-480 
The use of reassurance. (T. G. popuese 480-482 
The post-hepatitis syndrome. (S. Sherlock & V. Walshe) 482-484 
Pathology of postanal pilonidal sinus : its bearing on treatment. (D. H. Patey & 
Scarff) 
Nicotinamide methochloride estimations in sprue and amoebiasis. (J. W. Paulley & 
G. J. Aitken) 486-487 
Relations of steroid hormones and anhydro-hydroxy-progesterone to fibro- 
matosis. (R. Iglesias & A. Lipschutz) 488-490 
Remedial correction of valgus foot strain by foot pronation exercise. (E. T. Bailey 
“Pellagragenic ™ activity of indole-3-acetic acid in the rat. (E. Kodicek, 
K. J. Carpenter & L. J. Harris) 491-492 
Children in day nurseries: with special reference to the child under two years 
old. (H. F. Menzies) 499-501 
12/10/46 
Sympathetic control of blood-vessels of human skeletal muscle. (H. Barcroft & 
O. G. Edholm) 513-515 
Psychoneuroses treated with electrical convulsions: the intensive method. 
(W. L. Milligan) 516-520 
Effect of temperature on sedimentation-rate. (K. B. Rogers) 520-522 
of yaws with penicillin. (K. R. Hill, G. M. Findlay & A. Macpherson) 
The uses of plastics in surgery. (G. Blaine) 525-528 
Tuberculosis Poland. (M. Daniels) 537-540 
19/10/46 
Carcinoma of prostate treated with oestrogens. (J. D. Fergusson) 551-556 
Diagnosis of schistosomiasis: intradermal test using a cercarial antigen. 
Penicillin in infancy and childhood. (J. L. Buchanan) 560-562 
Observations on fibrinolysis: plasminogen, plasmin, and antiplasmin content 
of human blood. (R. G. Macfarlane & J. Pilling) 562-565 
Exercise and cardiac hypertrophy. (A. Abrahams) 565-566 
26/10/46 
Coronary disease : the Harveian oration of 1946. (M. Cassidy) 587-590 
a level of Indian soldiers. (M. Hynes, M. Ishaq & T. L. Morris) 
Leptospirosis canicola: case treated with penicillin. (M. Baber 
R. D. Stuart) 594-596 
Malignant granuloma of the nose. (S. W. G. Hargrove, J. H. Fodden & 
Rhodes) 
Psychiatry the corps exhaustion centre: technique rapid psychiatric 
assessment. (F. P. Haldane & J. L. Rowley) 599-601 
Malted foods for babies : trials with young rats. (H. Chick & E. B. Slack) 601-603 
The spirit in which we work. (A. Webb-Johnson) 612-613 
2/11/46 
Influenza B in 1945-46. (J. A. Dudgeon, C. H. Stuart-Harris, R. E. Glover, 
C. H. Andrewes & W. H. Bradley) 627-631 
Influenza B among West Indians: outbreaks in the Bahamas and in England. 
(W. Jackson) 631-635 
Icterus gravis neonatorum: end-results of treatment by blood-transfusion. 
(H. Third) 635-636 
Detection of amino-acids in urine and other fluids. (C. E. Dent) 637-639 
Leucotomy technique. (D. G. Duff) 639-640 
Care the Curtis report. 648-649 
9/11/46 
Chilblains in servicewomen. (A. L. Winner & E. S. Cooper-Willis) 663-667 
Tones pulmonary oedema treated with concentrated plasma. (G. Cleland) 


Acute phosgene poisoning: effects of plasma replacement : experiments with 
dogs and goats. (F. C. Courtice & G. L. Foss) 670-671 
Salt deficiency in sprue. (D. A. K. Black) 671-675 
Myocardial fibrosis following arsenical therapy. (J. R. Edge) 675-677 
Childlessness and the small family : a fertility survey in Luton. (R. M. Titmuss & 
Grundy) 687-690 
16/11/46 


Observations on the psychology of the tuberculous. (G. Day) 703-706 

The poliomyelitis epidemic in Mauritius in 1945. (H. J. Seddon, E. 1. B. Hawes & 
Raffray) 707-712 

Penicillin for gonorrhoea in the female. (W. N. Mascall) 712-715 

= kerato-conjunctivitis in Bengal : the incubation period. (B.T. Thorne) 


Foetal bones urinary bladder: unusual termination ectopic pregnancy. 
Forshaw) 716 
Effect of p-amino-methyl-benzene-sulphonamide on biosynthesis of nicotinamide. 
(P. Ellinger & A. Emmanuelowa) 716-718 
23/11/46 


Absorption and excretion of water: the antidiuretic hormone. (E. B. Verney) 
739-744 


Lung lesions skeletal tuberculosis. (K. Mann) 
Anuria treated by renal decapsulation and peritoneal dialysis. (R. Reid, 
J. B. Penfold & R. N. Jones) 749-753 
mononucleosis complicated by encephalomyelitis. (S. Geliebter) 
Repeated abortions, miscarriages, and still births : value of antisyphilitic treatment. 
Cross) 754-755 
30/11/46 


Cardiac signs in young adults: with special reference to functional murmurs. 
(G. Bourne) 779-781 

Abo and excretion of water: the antidiuretic hormone. (E. B. Verney) 

Oral penicillin in gonorrhoea. (S. R. M. Bushby & A. H. Harkness) 783-787 

Haemopoietic response to folic acid in pernicious anaemia: the sternal-marrow. 
changes. (R. J. Harrison & J. C. White) 787-791 

Examination home-contacts tuberculous persons. (W. Dick 
B. C. Thompson) 791-793 


4 

| 

i 

442 


Hypertension and calcium intake. (C. M. Kesson & A. McCutcheon) 793 
Care of the elderly. (Amulree) 801-802 
7/12/46 

Synovial membrane and synovial fluid of joints. (D. V. Davies) 815-819 
—— of benign lymphocytic meningitis and glandular fever. (H. Tidy) 
Fluorine hazards : with special reference to some social consequences of industrial 

processes. (M. M. Murray & D. C. Wilson) 821-824 
a benign tertian malaria treated with paludrine. (R. D. C. Johnstone) 


Myelitis after antirabic vaccine : report of a fatal case. (L. J. Bussell) 826-827 
Colchicine ineffective in in Penicillium notatum, 
(E. R. Sansome & L. Bannan) 828-8 


——-. of glandular carcinomas of oy prostate in the mouse. (E. S. Horning) 


14/12/46 
Malnutrition in released prisoners-of-war and internees at Singapore. 
(J. B. Mitchell & J. A. Black) 855-862 
Observations on fibrinolysis: spontaneous activity associated with surgical 
operations, trauma, etc. (R. G. Macfarlane & R. Biggs) 862-864 
a in pulmonary tuberculosis. (L. E. Houghton & F. L. Corrigan) 


Fatal use dangerous universa (A. Morgan Lumb) 866-868 
Thrombosis of the inferior vena cava: technique for its demonstration. 
(J. Stowers Grossman) 868-870 


21/12/46 
Pneumoconiosis in South Wales anthracite miners. (C. G. Gooding) 891-896 
Steep-wave electroplexy. (E. B. Strauss & A. MacPhail) 896-899 
Psychotherapy of ulcerative colitis. (R. West) 899-903 


Folic acid in tropical sprue : report of a case. (P. Manson-Bahr & O. Clarke) 
903-904 


Sauerbruch cineplastic amputation. (R. K. Magee) 904-906 
Retinal mechanism of vision. (F. W. Edridge-Green) 906 
—— for the “ chronic” sick : the historical perspective. (A. G. L. Ives) 


28/12/46 

Palindromic rheumatism. (F. P. Weber) 931-934 

Bodily changes during abreaction. (R. L. Moody) 934-935 

Further observations on a vitamin-C survey of medical students. (M. P. Durham, 
G. E. Francis & A. Wormail) 936-940 

Feminisation associated with carcinoma of the adrenal cortex. (A. J. S. 
McFadzean) 940-943 

Acute infectious lymphocytosis in England. (A. J. Steigman) 944 

Treatment of ulcerative colitis with thiouracil. (L. Martin) 944-946 

The stillbirth-rate in England and Wales in relation to social influences. 


Sutherland) 953-956 
Medical Officer 
7/9/46 
Memorandum on B.C.G. (Continued), (W. H. Tytler) 105-108 
The present status of vaccination against influenza. (R. Hare) 108-110 
14/9/46 
Memorandum on B.C.G. 21/9/46 Tytler) 117-119 
“ee. gt family’, by Alva Myrdal. An appreciation. (C. O. Stallybrass) 


127-13 
28/9/46 
Public health service as a career. (A. Daley) 137=138 
Degrees and diplomas in public health. 138-141 
D.P.H. and ancillary courses. 141-143 
5/10/46 
War conditions and tuberculosis in Birmingham. (J. E. Geddes) 149-150 
An enquiry into the Fc png of the arrest in the decline in mortality from 
tuberculosis in the 15-25 age group during the early part of the present century. 
Bibby) 150-153 
12/10/46 


The worid health organisation a the future. (J. A. Doull) 161-163 
Some results of anisometropia. (C. Walters) 163 
Health and pianning. (P. H. J. Turton) 164-165 
Schemes for social improvement. (G. K. Bowes) 165 
19/10/46 
nipten | hospital accommodation in Bristol from 1921 to 1945. (R. H. Parry) 
Physical training and the posture of the Norwegian child. (J. Audric) 174-175 
Civil defence measures in Westminster, 1939-1945, (A. J. Shinnie) 175-176 
26/10/46 
Infantile paralysis, or acute poliomyelitis. (Committee of the American Ortho- 
paedic Assuciation) 183-185 
Contributory factors in the national health outlook. (A. D. Symons) 185-186 
2/11/46 
Future of nursing services. (E. R. Carling) 193-194 
Infantile paralysis, or acute poliomyelitis. A brief primer of the disease and its 
treatment. (Concluded.) 194-197 
9/11/46 
Observations on venereal disease. (V. O. B. Gartside) 205-206 
16/11/46 
Housing probiems in a rural area. (R. H. Clayton) 217-219 
Drainage and sewerage for rural housing. (E. Ward) 220 
Socia! and medical amenities for the aged. (W. Barr) 220-221 


23/11/46 
Rehabilitation o. the tuberculous in industry. (N. C. Kiefer & H. E. Hilleboe) 


The rdle of the municipal almoner. (M. E. M. Benham) 231-232 
30/11/46 
Administrative problems of mass radiography. (M. C. Brough) 239-240 


Infant mortality and still-births Oxford City during the years 1935-1944 
(W. T. Russell) 240-241 
7/12/46 


The decline in fertility. (P. H. J. Turton) 249-250 
The supervision of typhoid carriers. (I. Weinstein) 250-251 
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14/12/46 
Health as a value in an educational world. (J. Cahill) 261-263 


21/12/46 
Ice-cream : the draft regulations and standards. (W. R. Martine) 271-272 
Considerations in housing ee - C. Downer) 272-273 


28/12/46 
Some health data in re, ne 1945—April 1946. (E. H. R. Smithard) 


281-287 
Medical Press 
216 11/9/46 
Public orthopaedic services. (J. A. Cholmeley) 182-183 
The treatment of ulcerative colitis. (T. L. Hardy) 183-186 
Inhalations of penicillin. (L. Fish) 187-189 
Treatment of deafness. (H. N. Barnett) 189-194 


216 18/9/46 


The diagnosis and treatment of functional menstrual disorders. (J. M. Scott 
200-204 


Diagnosis : a living art. (S. W. Smith) 205-209 

The 5 =~ method of treatment for fractures of the neck of the femur. 
(F. W. Harlow) 209-210 

Use and misuse of aids to hearing. (H. N. Barnett) 210-211 

Double transmesenteric strangulation. (E. W. Price) 211-212 


216 25/9/46 
Operation for the removal of the forequarter. (M. J. Smyth) 218-222 
The use of plastic materials in surgery. (G. Blaine) 223-224 
The future of medical education. (E. Graham-Little) 225-22: 
Some thoughts on the pre-clinical period of the medical curriculum. 
(R. Brocklehurst) 228-231 
This examination business. (H. H. Rew) 231-233 
The Royal College of Surgeons and post-graduate education. (C. Wakeley) 


233-234 
Visual education—2. (P. Hansell) 235-236 


216 2/10/46 
Laboratory services and the general practitioner. (G. M. Stephen) 242-245 
ee aa on the causation and treatment of irido-cyclitis. (E. G. Recordon) 


Problems in the school medical service. (F. A. Heimann) 248-252 
Post-war depression. (J. M. Anderson) 252-254 


216 9/10/46 

The treatment of wounds of the fingers. (W. D. Park) 260-262 
Sexual deviation in the male. (A. Stoller) 262-268 

Nutrition and the fall of empires. (E. B. Carpenter) 269 


216 16/10/46 
The general public health services. (J. D. Kershaw) 278-280 
Treatment of secondary deformity in cases of hare-lip. (A. Ragnell) 281-286 
Common errors in dermatology. (F. F. Hellier) 286-289 
The correlation of muscular action in health. (A. C. Wilson) 289-290 

216 23/10/46 
™ =a view of gold treatment in rheumatoid arthritis. (G. D. Kersley) 
The . and treatment of sprue and associated syndromes. (B. Maegraith) 


216 30/10/46 
Colles’ fracture. (C. Kindersley Bastow) 318-320 
The modern treatment of schizophrenia. (E. S. Stern) 321-324 
A suggested method of aborting incipient common colds. (D. Haler) 324-325 
A unique example of operational verification during scientific experimentation. 


(M. Douglas) 325-327 
216 6/11/46 


Diagnosis and treatment of rosacea. (T. E. Anderson) 338-340 
Sclerodermia and the symptomatic sclerodermas. (F. P. Weber) 341-342 
Future of the child guidance clinic. (D. N. Hardcastle & E. M. K. Hardcastle) 


342-345 
216 13/11/46 
The treatment of acute nasal sinusitis. (R. Peacock) 358-361 
The question of acute and chronic allergic or allergic-like conditions and the 
bearing of the question on classification and therapy. (F. P. Weber) 361-362 
Diagnosis and treatment of psoriasis. (A. M. Stuart) 362-365 
The scope of surgery : a layman’s view. (J. Yahuda) 365-370 


Treatment and post-operative care of cataract in children. (S. Philps) 376-379 


Some ree, in conditioning the adult feebleminded. (J. F. MacMahon) 


Some notes on the preservation of dental function. (J. P. Helliwell) 383-386 
Traumatic diaphragmatic hernia. (J. Donovan) 386-388 


216 27/11/46 

eae and treatment of carcinoma of the body of the uterus. (S. C. Mocatta) 
9' 
Tumours bone. (J. Brailsford) 399-406 
B.C.G. for Britain at last? (K. N. Irvine) 406-409 
216 4/12/46 
Shae and modern treatment of tuberculosis of the hip joint. (L. A. Key) 
41 20 


Early signs of difficulty in labour. (G. F. Abercrombie) 420-423 
Tumours of bone. (J. F. Brailsford) 423-430 


216 11/12/46 
Retinal haemorrhages: their treatment and after-care. (P. McG. Moffatt) 
436-440 


A new type of congenital life-long jaundice. (F. P, Weber) 440-441 

Inoperable carcinoma of the rectum. (Ff. Roe acm 

Methods employed in spinal bone grafting. (W. H. K. Willis & A. S. Mbuthia) 


216 18/12/46 
A short survey of the life and work of Joseph Clover. (A. D. Marston) 455-458 
The place of the anaesthetist in the surgical team. (V. Goldman) 459-461 
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Anaesthesia in thoracic surgery. (G. Organe) 461-464 

Anaesthesia in gastric surgery : a surgeon’s point of view. (A. Small) 464-465 
“ Gas”, oxygen, and ether. (L. T. Clarke) 466-467 

Intravenous anaesthesia. (R. E. Pleasance) 467-469 

Cyclopropane anaesthesia. (J. Boyd) 469-470 

Spinal anaesthesia. (H. K. Ashworth) 471-472 

Curare. (V. Goldman) 473-474 

Electricity as an anaesthetic. (C. Lynch) 475 


216 25/12/46 
The diagnosis and modern treatment of extra-uterine gestation. (A. Leech- 
Wilkinson) 484-486 
The Kin George V merchant seamen’s memorial hospital, Malta. 
(H. M. Churchill) 486-488 
the case-book house-surgeon nearly century ago. (A. Hall 
The social value of authority : reverence or respect. (A. C. Wilson) 496-497 


Monthly Bulletin, Ministry Health and Emergency Public 
Health Laboratory Service 
September 1946 
War and the nutritional state. IV. (E. W. Adcock & H. E. anes 198-201 
ew, survey, December 1945 to February 1946. 201-203 
a ning of hostels for unmarried mothers. (G I. Brodie) 203-204 

Not ations of infectious disease in England and Wales : July, 1946. 204 
An outbreak of typhoid fever in the East Midlands. (B. P. Marmion & A. E. 


Martin) 205-211 
October 1946 
Burns and scalds in the home. (L. Colebrook) 214-220 
The control of ice-cream. (W. A. Lethem) 221-222 
The decline of mortality from rheumatic fever. (J. A. Glover) 222-229 
Notification of infectious disease in England and Wales: August 1946. 229 
-— < aureus in cows’ milk : the results of phage-typing. (A. Macdonald) 


Notes on H. parapertussis. (R. Cruickshank & R. Knox) 233-234 


Nutrition Abstracts and Reviews 
October 1946 
The correlation of the amino-acid composition of proteins with their nutritive 
value. (R. J. Block & H. H. Mitchell) 249-278 


Practitioner 
157 October 1946 
Advances in medicine. (Moran) 233-240 
Advances in surgery. (J. P. Ross) 241-247 
Advances in midwifery. (J. Young) 248-255 
Advances in paediatrics. (N. B. oe 256-262 
Advances in endocrinology. (E. C. Dodds) 263-269 
Advances in dermatology. (A. C. Roxburgh) 270-275 
Advances in the treatment of virus diseases : with particular reference to influenza 
and the common cold. (C. H. Stuart-Harris) 276-282 
Advances in ophthalmology. (A. J. B. Goldsmith) 288-294 
Advances in oto-rhino-laryngology. (W. I. Daggett) 295-302 
Recent advances in anaesthetics. (R. R. Macintosh & W. W. Mushin) 303-309 
Endocrine disease. (H. Gardiner-Hill) 310-315 
Revision corner: The male sex hormone. (R. Greene) 316-317. Enlargement 
of the lymph nodes. (R. B. Scott) 317-319. Migraine. (E. B. Smith) 320-322 


Proceedings the Nutrition Society 


1946 
28th Scientific Meeting: nutritional factors affecting wound healing. 
ieee geet in relation to convalescence from injury. (D. P. Cuthbertson) 
1 i 
Some histological effects of partial deficiency of vitamin C on healing processes : 
the influence on phosphatase formation in experimental skin wounds. 
Gd. F. Danielli, H. B. Fell & E. Kodicek) 197-200 
Some histological effects of partial deficiency of vitamin C on healing processes : 
the influence on bone repair. (P. D. F. Murray & E. Kodicek) 200-203 
The effect of vitamin C on the healing of wounds. (G. H. Bourne) 204-210 
General discussion. 210-216 
29th Scientific Meeting : the quality of proteins. 
The quality of proteins. (D. P. Cuthbertson) 217-225 
The essential amino-acids. (C. P. Stewart) 225-237 
The therapeutic use of protein hydrolysates. (A. B. Anderson) 237-244 
» RA tracers in the study of protein metabolism. (H. D. Griffith) 
Modern methods of studying protein metabolism. (J. N. Davidson) 249-253 
Discussion. 253-257 
Wh Scientific Meeting : the training, qualifications and functions of dieticians. 
The training of dieticians : the current position. (S. J. Cowell) 259-261 
The training of dieticians ; the current position. (R. Pybus) 262-266 
The function of dieticians and their réle in the future. (M.C. Broatch) 267-270 
The function of dieticians and their réle in the future : with special reference 
to the United States and Canada. (A. N. Childs) 270-273 
Discussion. 273-278 
The dietician in the public health service. (C. F. Brockington) 278-281 
The dietician in schools. (F. Le Gros Clark) 281-284 
The dietician in industry. (F.C. R. Brown) 284-288 
The dietician hospitals. (J. Mills) 288-291 
Discussion. 291-298 
Proceedings the Royal Society, 
133 December 1946 
Histochemistry of the Gram-staining reaction for micro-o ganisms. (H. Henry & 
M. Stacey) 391-406 
Mig geepccing process in eggs of Rhodnius prolixus Stanl. (J. W. L. Beament) 
Separation the and mechanisms foveal vision measure- 
ments of increment thresholds. (W. S. Stiles) 418-434 
Experiments on the inactivation of bacteriophage by radiations, and their bearing 
on the nature of bacteriophage. (D. E. Lea & M. H. Salaman) 434444 


444 


The electrical constants of a crustacean nerve fibre. (A. L. Hodgkin & W. A. H. 
Rushton) 444-479 

The differential effect of synthetic growth substances and other compounds upon 
plant species. II. Seed germination and early growth responses to some 
aryicarbamic esters and related compounds. (W. G. Templeman & 
W. A. Sexton) 480-485 

audition for short periods stimulation. (J. Hughes) 


Proceedings the Royal Society Medicine 
September 1946 
Spontaneous hypoglycaemia infancy and childhood. (A. Neale) 698-700 
The treatment of coeliac disease with vitamin B complex, and liver extract. 
Allibone) 700-702 
Sacro-iliac arthrodesis. (P. H. Newman) 715-718 
Arterial advances of orthopaedic concern. (S. M. Cohen) 718-721 
Discussion on spinal caries with paraplegia. 723-734 
Discussion on leukaemia and leukosis in man and animals. 735-740 
The female urethra and its relation toupper urinary tract infections. 
Hanley) 741-750 
Urological reflections. (H. Wade) 751-754 
Discussion on the life and death of the red blood corpuscle. 755-762 


October 1946 

we in the pathology of cancer of tk? ano-rectal region. (C. E. Dukes) 

The surgical complications of amoebic dysentery. (K. L. James) 766-768 

Discussion on the place of the radiologist in the national health service 
(S. Shanks Fawcitt) 773-778 

The depersonalization syndrome. (H. J. Shorvon) 779-792 

Penicillin concentration in the blood and milk of bovines. (G. Slavin) 793-795 

The chick-embryo in chemotherapeutic research. (J. Francis) 796-799 

Leishmaniasis in Greece. (B. Malamos) 799-801 

a x for a vascular mechanism in Méniére’s syndrome. (M. Atkinson) 

Méniére’s disease : a critical review. (A. J. Wright) 809-812 

Report on 110 cases of acute infection of the ear treated with penicillin. 
Wilson) 812-816 

The application of electromyography to affections of the facial and the intrinsic 
laryngeal muscles. (B. Feinstein) 817-819 

The Pathological Society s London. (H. R. Dean) 823-827 

Cellular paso. (G. R. Cameron) 827-829 

Chemical pathology. (E. ron Dodds) 829-830 

by ty control of sharp ophthalmic instruments. (J. F. Kayser & J, Foster) 

Recent developments in the manufacture, fitting and prescription of contact 
lenses of regular shape. (F. Ridley) 842-848 


November 1946 
Sudden shifts of body fluids. (G. R. Cameron) 1-6 
Physiotherapy in an accident service. (M. Page) 15-18 
Injuries of the cervical vertebrae. (V. H. Ellis) 19-26 
Protein metabolisnrin relation to disease. (H. P. Himsworth) 27-34 


Public Health 


October 1946 
The new national health service. (J. F. Galloway) 7-10 
The training of medical graduates in administration. (J. M. Mackintosh) 10-11 
The care of homeless children. (J. Fenton) 12-13 
Milk problems from the distributor’s angle. (A. G. eee | oo 
Developments in disinfestation of ships. (W. P. Cargill) 16- 


November 1946 
One hundred years : a retrospect and a forecast. (A. Daley) 28-34 
Ear, nose and throat problems: present and future. (R. E. Jowett) 34-36 


Quarterly Journal Medicine 


October 1946 
The classification of cases of glycosuria. (A. Lyall) 243-253 
Clinical aspects of polyarteritis nodosa. (H. G. Miller & R. Daley) 255-283 
Glycogen disease. (T. Crawford) 285-298 
The aetiology of chloroma and the nature of the green pigment: a report of 
. three cases. (J. G. Humble) 299-312 


Rheumatism 


October, November, December 1946 
Somatic and psychic factors in the causation of fibrositis. (M. Kelly) 40-42, 59-460 
X-ray diagnosis of gout. (G. T. Calthrop) 43-44 
Clinical aspects of gout. (G. Evans) 50-52 
Gout, biochemical aspects. (H. Coke) 53-54 
Chronic oral sepsis and its relation rheumatism—Part (W. Peebles) 
Basic physiotherapy. (G. Norris) 57-58 


Thorax 
September 1946 
toentng suppurative WEES. (T. H. Sellors, L. G. Blair, L. E. Houghton. 
Vv. C. Thompson & D. M. Pryce) 146-181 
Pulmonary oedema : physiological considerations. (I. de B. Daly) 182-187 
Effect of asbestos, ‘and of asbestos and aluminium, on the lungs of rabbits, 
Bronchiectasis and atelectasis: temporary and permanent changes. (F. P. L 
Lander) 198-210 


Tropical Diseases Bulletin 


September 1946 
wy fever—modern theories. A critical review. (B. G. Maegraith) 


October 1946 
Composition of mosquito larvicides. (G. Macdonald) 885-889 


November 1946 
Anti-rabies treatment. A discussion of its value in the light of recent experimental 
work. (A. J. Rhodes) 975-991 
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PUBLICATIONS 


TEXTBOOK OPHTHALMOLOGY 


SIR STEWART DUKE-ELDER, K.C.V.0., 

D.Sc. (St. And.), Ph.D. (Lond.), M.D., Ch.B., F.R.C.S., 

Surgeon Oculist to H.M. the King; Late Brigadier, A.M.S. ; Hon. 
Consulting Ophthalmic Surgeon to the British Army, etc. 


OXFORD 
PUBLICATIONS 


Cancer the Scrotum 


Relation Occupation 


Pp. 120 Illus. Tables Graphs net. 


all who have deal with 


Press and 


Medical Treatment 


E.NOBLE 


Velume |. The Development, Form and Function of the Visual 
Apparatus. Second impression, -with corrections and 
additions. Crown Quarto. 1167 Pages with 1022 Illust- 
rations including Coloured Cloth. Price 63/- net. 


Volume ||. Clinical Methods of Examination, Congenital and 
Developmental Anomalies, General Pathological and 
Therapeutic Considerations. Diseases of the Outer Eye. 
Crown Quarto. 996 Pages with 742 Illustrations includ- 
ing 24 Coloured Plates. Cloth. Price 63/- net. 


Volume |!!. Diseases of the Inner Eye. Crown Quarto. xxvii + 1376 
Pages with 1142 Illustrations, including 164 Colour. 
Cloth. Price 70/— net. (Reprinting). 


COLOUR VISION 


WRIGHT, A.R.C.S., D.Sc. 


Reader in Colour Vision, Imperial College of Science 
and Technology, London. 
In one Royal Octavo volume of 398 pages with 233 Illustrations. Cloth 
Price 36/— net (postage 8d.) 


NEW EDITION JUST READY 


DESCRIPTIVE ATLAS RADIOGRAPHY 
AID MODERN CLINICAL METHODS 
BERTWISTLE, M.B., Ch.B., F.R.C.S. (Ed.) 


Sixth Edition, Revised. Crown Quarto. 636 pages with 950 
Original Radiographs. Cloth. Price 45/- net. 


NEW EDITION. NOW READY 


INTRODUCTION CLINICAL 


Pp. 214 10/6 net. 
PERIMETRY extremely handy and reliable 


With Foreword NORMAN DOTT, M.B., Ch.B., F.R.C.S. (Ed.) 


Fifth Edition, Revised. Crown Quarto. 330 pages. 255 !!lustrations 
and Coloured Plates. Cloth. Price net (postage 9d.) 


Neurosis and 


the Mental Health Services 


With Foreword 
WILSON JAMESON, K.C.B. 
Pp. 240 net. 
for its factual basis and 
broad vision its 
Medical 


DISEASES AFFECTING THE VULVA 
ELIZABETH HUNT, B.A., M.D., Ch.B. 


Second Edition. Royal Octavo. 212 pages. 36 Illustrations and 
18 Coloured Plates. Cloth. Price 21/- net (postage 8d.) 


NEW BOOK JUST READY 
RESEARCHES NORMAL AND DEFECTIVE 


THE VASCULAR ABNORMALITIES AND 
TUMOURS THE SPINAL CORD AND 
ITS MEMBRANES 


ROGER WYBURN-MASON, M.A., M.D. 
With a Foreword by GORDON HOLMES, C.M.G., C.B.E., etc. 
Royal Octavo. 191 pages. 42 Illustrations. Cloth 


Price net (postage 74.) Seabies 
NEW BOOK JUST READY MELLANBY, B.A., Ph.D. 
PRINCIPLES CONTACT LENS Pp. Illustrations net. 
TREISSMAN, (Eng.), for the moment the last word much 
Royal Octavo. pages with Cloth discussed subject.” 


Price 10/6 net. (postage 6d.) 


HENRY KIMPTON 


BLOOMSBURY WAY LONDON, W.C.1 
Medical Book Department Brothers, Limited 


OXFORD UNIVERSITY PRESS 
HOUSE, WARWICK LONDON, E.C.4 
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over 120 


publishers 


MEDICAL SCIENTIFIC 
BOOKS 
DISTINCTION 


AILLIERE’S Medical and Surgical textbooks have proved their 
value successive generations medical men. Among the 
oldest and best known these textbooks are ROSE CARLESS’ 
SURGERY, now its seventeenth edition; BUCHANAN’S 
ANATOMY, the latest edition which, the seventh, revised and 
edited Professor Frederick Wood Jones, has just been published 
GREEN’S PATHOLOGY, the seventeenth edition which, revised 
Vines, M.A., M.D., now preparation; MAY AND 
WORTH’S DISEASES THE EYE, ninth edition; MACKENNA’S 
DISEASES THE SKIN, fourth edition and BIGGER’S 
BACTERIOLOGY, fifth edition. 


their Scientific list, among the most important titles 
are KINGZETT’S CHEMICAL Digest 
Chemistry and its Industrial Applications, seventh edition; 
PHARMACEUTICS, the fifth edition which 
preparation and TREASE’S PHARMACOGNOSY, the fourth edition 
which was published recently. 
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